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ABSTRACT
The primary objective of the research presented in the dissertation. Analysis o f  
Saturation Flows at Single, Dual and Triple Left-Turn Lanes, is to gain a better 
understanding of the operational characteristics of single and multiple left-turn lanes 
as compared to adjacent through-lanes on the same intersection approach. The 
findings of this study are based on average saturation flow headways as observed 
between the 4th and 8th vehicles within a saturation queue discharge. These 
observations were made for left turn movements at signalized intersections with 
protected left-turn phases. The findings of this study are based on field measurements 
taken at 62 individual intersection approaches located on major arterial streets 
throughout the Las Vegas Metropolitan Area of Nevada outside the Central Business 
District of the urbanized community. The field observations are from 23 single, 36 
dual and 3 triple left-turn lane intersection approaches comprised of 35 individual 
intersection sites. The collected saturation flow data contained in this study for 
analysis represents a total of 3,662 time observations of four vehicles each or a total 
of 14,648 individual passenger vehicles. The intersection sites were selected to be 
comparable among each other for geometric and operational conditions as well as 
driver behavior.
The findings of this study support the 1994 Highway Capacity Manual suggested ideal 
through-lane saturation flow rate of 1900 (pcphgpl). However, the field observations 
suggest that the left-turn factor for single left-mm lanes with protected left-tum signal 
phasing should be 1.0 and dual left-tum lanes should be a minimum of 0.98 per lane.
ill
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The results represent a significant increase over the suggested left-turn factor of 0.95 
as recommended within the 1994 Highway Capacity Manual. The triple left-turn lane 
observations were found to continue to support an average left-tum factor of 0.95. 
These observations should be of particular interest to transportation engineers and 
plaimers who are responsible for the evaluation and development of cost-effective 
altematives to improve at-grade signalized intersection capacities as the results 
indicate higher than expected left-turn capacities relative to the adjacent through lanes.
IV
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CHAPTER 1 
INTRODUCTION
Over the past several years transportation professionals have been designing and 
installing triple left-turn lane facilities to address the need to accommodate ever 
increasing left-turn volumes at at-grade intersections. These facilities have been 
designed across the country, independent of each other, based on the design and 
operational experience of dual left-tum lanes. The continued success of these 
pioneering triple left-turn facilities, has lead to an expanding interest to better 
understand their operational characteristics. A better understanding of the operational 
characteristics of triple and dual left-tum lane facilities is essential for developing 
efficient, effective and safe design and operations criteria for such facilities. Only 
very limited research has been conducted on dual left-tum lanes, much less on triple 
left-turn lanes, as they compare to single left-tum lane and through travel lane 
operations.
The studies reported in the literature leave many unanswered questions with regard to 
both operational characteristics and geometric design of triple left-tum lanes. 
However, the triple left-tum lane concept which provides increased intersection 
capacity has been receiving design acceptance over the past decade. Table 1 is a
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Location
Arizona
Phoenix
TABLE 1
A Partial List of Known Triple Left-Turn Lane Facilities 
Intersection
• Eastbound I-IO Interchange Connector Road at Jefferson 
Boulevard
• Westbound Shea Boulevard at 32nd Street
• Westbound I-10 Interchange Connector Road at Washington
California
Newport Beach
Lake Forest 
Laguna Niguel 
Newport Beach
Costa Mesa 
Alameda County 
Berkeley 
Campbell
Concord
Cupertino
Fremont
Hayward
Milpitas
• Eastbound Dover to Southbound Pacific Coast Highway
• Southbound 1-5 to Eastbound Lake Forest Road
• Northbound Paseo De Valencia to Westbound Los Alisos
• Eastbound Pacific Coast Highway to Northbound Jamboree 
Boulevard
•  Northbound Bayside Drive to Westbound Pacific Coast 
Highway
• Anton Boulevard at Bristol Street
• Interstate 580 EB off-ramp at Castro Valley Boulevard
• Shattuck Avenue NB at University Avenue
• State Route 17 SB Off-ramp at Camden/San Tomas
• State Route 17 SB Off-ramp at Hamilton Avenue
• Creekside Way NV at Hamilton Avenue
• Gateway Boulevard WB at Willow Pass Road
• Pavilion Exit WB at Kirker Pass Road
• State Route 85 Off-ramp SB at Stevens Creek Boulevard
• SB Ballentine Drive at Stevenson Boulevard
• Foothill Boulevard SB at Mission Boulevard
• McCarthy at Montague Expressway
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TABLE 1
A Partial List of Known Triple Left-Turn Lane Facilities 
Continued . . .
Location
Newark 
Pleasanton 
Richmond 
San Francisco
San Jose
Santa Clara Co. 
So. San Francisco 
Suimyvale
Ventura
Intersection
• Ballentine SB at Stevenson Boulevard
• Owens Drive EB at Hopyard Road
• Blume Drive at Hilltop Drive
Army street WB at Guerrero Street
Battery Street NB at Bush Street
Bay Bridge (1-80) WB Off-ramp at Fifth/Harrison Street
Bryant Street EB at Fifth/Bay Bridge On-ramp
Interstate 80 EB Off-ramp at Fourth/Bryant Street
Junipero Sierra Boulevard NB at 19th Avenue
Mission Street EB at S. Van Ness Avenue
Oak Street EB at Laguna Street/Freeway On-ramp
Oak Street EB at Franklin Street
Portola Avenue WB at Junipero Serra Boulevard
Sloat Boulevard EB at Junipero Serra Boulevard
Tenth Street SB at Bryant/Highway 101 On-ramp
Van Ness Avenue NB at Lombard Street
•  North First Street NB at State Route 237
•  1-280 Off-ramp at Winchester/Moorpark
• Montague Expressway WB at Trimble Road
• Junipero Serra Boulevard NB at Westborough Boulevard
•  State Route 237 EB Off-ramp Mathilda
• Duane Avenue and Stewart Drive
•  Mills Road SB at Main Street
• North Bank Drive EB at Johnson Drive
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Location
Colorado
Denver
TABLE 1
A Partial List of Known Triple Left-Turn Lane Facilities 
Continued . . .
Intersection
• Southbound 1-25 to Hampden
• Westbound Sixth Avenue to Simms
• 17th Street to 17th Avenue
• Quebec to Stapleton Airport
• 18th Street/Tremont and Broadway
Maryland
Prince George’s Co.
Baltimore Co. 
Montgomery Co.
Greenbelt
Nevada
Las Vegas
New York
White Plains
Staten Island
Virginia
Fairfax
Norfolk
• MD 212 and Calverton Road
• Shawan Road and McCormick Road
• Connecticut Avenue (MD 185) and Georgia Avenue (MD 97)
• Frederick Road (MD 355) and Shady Grove Road
• Southbound Kenilworth at Greenbelt Road
• Southbound 1-515 to Eastbound Boulder Highway
• Northbound Swenson Street to Westbound Tropicana Avenue
• Southbound Valley View Boulevard to Eastbound Flamingo 
Road
• Southbound MGM Grand Exit Drive to Eastbound Tropicana 
Avenue
• Northbound Las Vegas Boulevard South to Westbound 
Tropicana Avenue
• Southbound Las Vegas Boulevard South to Eastbound 
Tropicana Avenue
Hamilton Avenue on North Broadway 
Victory Boulevard and Richmond Avenue
• Tysons Road and Galleria Drive
• Tysons Road and Route 123
• St. Paul’s Boulevard and Brambleton
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partial list of known triple left-turn facilities within the United States and 
demonstrates a growing need to develop a better understanding of their operational 
characteristics in comparison with dual and single left-turn facilities, as well as with 
those o f through travel lanes at at-grade intersections.
As transportation engineers continue to consider the installation of dual and triple left- 
turn lanes as viable design alternatives to accommodate significant left-turn 
intersection volumes, reliable quantitative estimates are needed to ensure the safe and 
effective development of these facilities within a roadway network. Researchers have 
considered many factors that may affect the capacity and operations of single and 
multiple left-mm lanes. These include the following:
•  Intersection Geometry such as:
- Number of Lanes
- Lane Widths
- Approach Grades
- Turning Radii
- Storage Bay Length
- Median Island Widths
- Clearance Distance Between Opposing Left Tum Movements
- Lane Configurations (i.e. shared through-left-mm lanes)
•  Intersection Operations
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- Signal Timing and Phasing
- Saturation Flow Rates
- Pedestrian Conflicts and Clearance Time Intervals
• Traffic Composition
- Pedestrian Volumes
- Traffic Composition and Vehicle Mix (i.e. Percentage of Heavy 
Vehicles in Traffic Stream)
- Bicycle Volume
- Location; Urban vs CBD
• Human Factors
- Driver Familiarity, Response and Behavior
- Intersection Comprehension
The objective of this research project was to obtain a better understanding of 
saturation flow rates and left-mm factors of single, dual and triple left-mm lane 
facilities compared to through travel lanes based on common driver characteristics and 
geometric conditions. Data were collected in the Las Vegas Metropolitan Area to 
support this objective. As a result, the determined samration flow rates may or may 
not be directly transferable to other communities. However, comparison of left-mm 
operations and developed left-mm factors should be transferable.
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7The research effort included observations of existing single, dual and triple left-turn 
lanes including observations of before and after conditions at an existing intersection 
where dual left-turn lanes were reconstructed to provide a triple left-turn lane facility. 
Left-turn lanes were also observed for an intersection under dry and wet pavement 
conditions. These field observations provide insight into the possible benefits gained 
by the installation of multiple left-turn lanes at an intersection.
The research and findings of this project should be of interest to transportation 
engineers and planners who are responsible for the evaluation and development of 
cost effective alternatives for improving at-grade signalized intersection capacities.
Significance of the Research
With the recent release of the 1994 Highway Capacity Manual, the findings of this 
research in the evaluation of saturation flow rates and left-tum factors for single, dual 
and triple left-tum lane facilities are of particularly timely interest. Previous research 
regarding samration flow rates for exclusive single and multiple left-mm lanes is 
limited. A review of the literamre pointed to a need for a comprehensive evaluation 
of the performance and operation of single, dual and triple left-mm lanes under 
common driver and intersection geometric conditions. A key objective of this smdy 
was to develop a methodology for evaluation of samration flows based on the 
operational characteristics of single and multiple left-mm lanes. Development of this
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
methodology facilitated the direct comparison of saturation flow rates among single, 
dual and triple left-turn lanes and how they relate to an adjacent through lane.
The research was designed to seek results that provide a better understanding of the 
quantifiable benefits and/or disbenefits of providing multiple left-tum lanes. 
Comparative left-turn lane and through lane saturation flow rates for single and multi­
lane facilities should be of significant value to Transportation Engineers, Private 
Sector Developers (mitigation requirements resulting from traffic impact studies). City 
Plaimers and Governmental Policy Makers.
Transportation Engineers 
Transportation engineers may find value in the results of this study for the following 
reasons;
• Develop a greater understanding of the quantitative capacity of signalized 
intersection flow for facilities that include protected left-tum lanes may be 
gained.
• The ability to adjust previously accepted national values for left-tum factors 
from the Highway Capacity Manual for the calculation of signalized 
intersection Level of Service will be enhanced.
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9• Improved modeling of the Level of Service for signalized intersections with 
protected left-turn lanes can have an impact upon the design of street network 
intersections, signal operations and associated roadway mobility.
• Design engineers will be able to improve traffic operations by having a better 
understanding of vehicle headways and saturation flow rates. This knowledge 
can be applied directly to the determination of intersection signal phasing and 
timing patterns so that actual vehicle intersection performance is more 
efficiently matched and green time effectiveness is improved.
• Direct comparisons of through lane saturation flow rates to single, dual and 
triple left-turn lanes under similar driver and intersection geometric conditions 
can facilitate the direct assessment and design of intersection improvements by 
design engineers to better match traffic demands.
Transportation Planner
The following are examples of how transportation planners may find a value in the
results of this project;
• General planning guidelines in many communities currently suggests replacing 
single left-mm lane facilities with dual left-mm lanes when left-mm volumes 
exceed 300 vph. Triple left-mm lanes have been considered for installation
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
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when left-turn volumes exceed 600 vph. A comparative analysis between the 
various left-turn lane facilities may allow transportation planners to reevaluate 
these installation guidelines.
Current recommendations of the Highway Capacity Manual (HCM 1994) 
indicate a 5 percent loss of per-lane capacity between through lanes and single 
or multiple left-turn lanes. This research effort investigated whether the 
capacity loss was really as great as predicted by the Highway Capacity Manual 
for the geometric and signal conditions used in the design of roadway facilities 
within the Las Vegas Metropolitan Area.
Results from the observation of saturation flow rates of comparable left-tum 
lane facilities can assist transportation planners in using limited transportation 
funds to maximize public mobility by providing better recommendations for 
intersection improvements to accommodate high left-tum volumes. These 
intersection improvements may range from at grade dual or triple left-mm lane 
installations to constmction of grade separated facilities to accommodate traffic 
demands at intersections within a roadway network. Improved knowledge of 
intersection left-mm samration flow rates may also assist transportation 
planners in developing operation strategies and selection of altematives to 
improve arterial corridor capacities. This knowledge could influence the
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selection of one-way streets versus two-way streets within congested travel 
corridors.
Governmental Policy Makers 
The results of this study may be utilized to affect public policy decisions, such 
as:
• Right-of-way acquisition requirements along existing roadway corridors 
to improve left-turn mobility may be affected.
• Heavy truck restrictions within the traffic flow based on heavy truck 
factors identified during the saturation flow observations.
• Adoption of dual and triple left-tum lane installation to maximize the 
benefits from the use of public funds to achieve enhanced vehicular 
mobility.
• Policies and regulations for restricting left-tum movements at congested 
intersections due to network capacity constraints may be developed as a 
by-product of these results.
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• Leading to a revision of accepted intersection left-turn factors within a 
metropolitan area such as Las Vegas that may significantly affect 
regional network models. These models predict vehicle congestion and 
air quality impacts. In urbanized areas where the attainment of national 
ambient air quality standards through the selection of roadway 
improvements is extremely important to public health and continued 
federal funding. Improved modeling may provide information for 
governmental officials who make decisions concerning roadway 
improvement policies.
Limitations
The findings of this study were based on field data collected solely within the Las 
Vegas Metropolitan Area of southern Nevada. Even though the collected data 
represented a cross-section of intersections within the study area, the transferability of 
the results is not known. The determined samration flow rates may or may not be 
directly transferrable to other communities. However, it is more likely that the left- 
tum factors may be transferrable to other communities. Further, this research 
focused on left-tum geometry at signalized intersections which had a protective left 
tum phasing.
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Transponation engineers and planners should conduct "spot checks" to assess the 
direct application of the results reported in this study with the conditions existing in 
their local community prior to actual design and/or evaluation of single or multiple 
left-turn lanes.
Organization of the Study
Following the introductory chapter, the study is presented in five chapters which 
follow the five basic elements of research, viz. , Literature Review, Research 
Approach, Data Collection and Reduction, Data Analysis and Summary, Conclusions 
and Recommendations.
Chapter 2 Literature Review 
A review of the literature is summarized in Chapter 2. This review compiled 
previous research and findings pertaining to single, double and triple left-tum lane 
saturation flow rates. The literature reviewed for this study concentrated on 
summarizing left-tum factors that compare the performance of protected left-tum lane 
operations with through travel lanes.
Chapter 3 Research Approach 
Chapter 3 is divided into two sections. The first section addresses the research 
methodology applied to this study. This section defines the terms of capacity and
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saturation flow as well as the methodology applied to determine saturation flows. The 
second section presents details of the problem to be investigated, the field data 
sampling plan and the hypotheses to be examined.
Chapter 4 Data Collection and Reduction 
The data collection and data reduction phases of the field research are presented in 
detail within Chapter 4. Key support materials developed for the data collection 
effort are contained within the Appendices.
Chapter 5 Data Analysis 
Chapter 5 presents the in-depth details of the data analysis phase of the research 
effort. The collected data are tested for acceptance of the 1994 HCM through-lane 
saturation flow rate and left-turn factor.
Chapter 6 Summary, Conclusions and Recommendations 
A summary of the research findings and the conclusions drawn from these findings 
are provided in Chapter 6.
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CHAPTER 2 
LITERATURE REVIEW
Research into the operational and capacity characteristics of triple left-turn lanes is 
currently very sparse and exists as an outgrowth of the work completed to evaluate 
dual left-turn lanes. This chapter summarizes previous research efforts documented in 
the literature. One of the most evident aspects in the literature as summarized in 
Table 2 (adapted from ITE 1993) is that a structured study has not been conducted to 
directly compare single, dual and triple left-mm lanes under common driver 
characteristics and intersection geometric conditions.
The 1994 Highway Capacity Manual (HCM 1994) revised the recommended ideal 
saturation flow rate. Ideal conditions at an intersection include 12-foot lane widths, 
no vehicle turning movements, only passenger cars within the vehicle stream, no 
adjacent street parking, no transit interference and low pedestrian volumes. The 
current recommended saturation flow rate for ideal conditions is 1900 passenger cars 
per hour green per lane (pcphgpl). This corresponds to a saturation headway of 1.9 
seconds. The revised saturation flow rate recommendation represented an increase of 
100 pcphgpl to the previously accepted value of 1800 pcphgpl as recommended in the 
1985 Highway Capacity Manual (HCM 1985). In revising the recommended ideal
15
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saturation flow rate, the 1994 HCM noted that recent saturation flow observations 
reported within the literature (HCM 1994, Table 2-13) indicated that saturation 
headways have decreased within the last decade. Therefore, the saturation flow rates 
were increased accordingly. In addition to revising the ideal saturation flow rate for 
through-vehicle flow at an intersection, the recommended left-tum factors (f^T) were 
also revised.
The left-tum factor (f^y) is defined as the ratio of left-tum saturation flow to through- 
lane saturation flow. Table 9-12 "Adjustment Factor for Left Turns" as contained in 
the 1985 Highway Capacity Manual recommended a f^ T value of 0.92 for double 
exclusive protected left-tum lanes and 0.95 for exclusive single protected left-mm 
lanes. An interpretation of the manual for triple left-mm lanes, yielded a 
recommended left-mrn factor value of 0.92 for each of the three left-mm lanes. The 
1994 Highway Capacity Manual revised Table 9-12 "Adjustment Factor for Left 
Turns" so that it represents all exclusive protected left-mm phasing as having a left- 
mm factor with a value of 0.95. Based on the current values recommended by the 
1994 Highway Capacity Manual, the ideal samration flow rate for all types of 
protected left-mm movements at an intersection is 1805 pcphgpl. However, several 
current smdies tend to support a higher ideal samration flow rate (with a value greater 
than 1805 pcphgpl) for left-mm movements at an intersection.
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A recent study (Leonard 1994) evaluated five (5) triple left-tum sites within Orange 
County, California. The field samples collected for this study consisted of 4,742 
lane-cycles and 34,898 vehicles. The intersection observations documented an 
average of 795 vph capacity among the five triple left-turn lane facilities with an 
observed average saturation flow rate of 1928 vphgpl. The ideal saturation flow rate 
was estimated by Leonard to be 2180 pcphgpl using HCM saturation flow rate 
adjustment procedures for a lane width of 11 feet and 2 percent heavy vehicles. 
Variations in the saturation flow rate were determined to be insignificant between 
intersection sites, weekdays or by observer. The observations also suggest that 
saturation flow rates varied by lane (inner and middle versus outer), by time of day 
(morning, midday and afternoon) and by time of week (weekday versus weekend).
In another study, a triple left-turn intersection in Ventura, Califomia, was reported to 
be handling a peak hour volume of 1,400 vehicles per hour (Mitchell 1993). Mitchell 
also noted that there are currently thirty (30) triple left-tum lane installations in the 
San Francisco/ Oakland/San Jose Bay Area. The paper primarily dealt with an 
accident review of triple left-tum lanes at six (6) selected intersection locations. 
Mitchell reported that of the six (6) locations studied only one was found to have over 
twenty percent (20%) of the intersection accidents associated with the triple left-tum 
lane movement even though this movement was usually the heaviest flow within the 
intersection. The majority of reported accidents were due to violations by vehicles 
proceeding straight through the intersection while in mandatory left-tum lanes.
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Mitchell noted that advance signing and markings are necessary to advise drivers of 
the triple left-turn requirements and that pavement surface conditions and turning radii 
must be adequate for approach vehicle speeds.
The Institute of Transportation Engineers Technical Committee 5P-5 produced a 
document entitled "Capacities of Multiple Left-Turn Lanes" wherein an extensive 
literature review of previous work on multiple left-turn lanes was completed and 
interviews with 25 agencies with regard to multiple left-turn design practices were 
conducted (ITE 1993). The committee evaluated 46 left-turn intersection approaches 
from data collected across the country. The collected data represented primarily dual 
left-mrn lanes from protected signal installations within suburban districts of medium­
sized metropolitan areas. Data were collected for a variety of intersections with 
geometric factors that were statistically analyzed for significance.
The collected data included:
Lane Type (exclusive left, shared left/through, through, etc.) 
Lane Position (inside, middle, outside, or through) 
Intersection angle
Number of lanes on receiving roadway 
Left-tum lane taper length 
Left-tum lane full width bay length
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• Minimum distance between opposing left-turn vehicles
• Left-tum radius
The study concluded that the 1985 Highway Capacity Manual (HCM 1985) left-turn 
factor (fLx) may be low. As indicated by left-tum factors, the left-tum saturation flow 
rates were not found to be substantially lower than the through lane flow rates. The 
study determined left-turn saturation flow rate values on the order 1950 vphgpl, while 
the 1985 HCM recommends a dual left-turn saturation rate of 1656 vphgpl. The 
study suggests that a dual left-turn factor of 1.0 may be a more appropriate value for 
certain intersections with exclusive dual left-turn geometries. The study further 
suggests that a f^x value of 1.0 for dual left-tums may have been biased since most of 
the observed intersections had "generous geometric features" that did not restrict the 
drivers performance in executing left-mrn maneuvers. More restrictive left-mm 
geometries may have been considered in the recommended value of 0.92 contained 
within the 1985 Highway Capacity Manual.
The ITE Committee 5P-5 smdy also evaluated left-mm samration flow rates and how 
they may be affected by 10 independent geometric intersection features. The 
following geometric design variables were also found to have importance in 
explaining variations in the observed left-mm factor (fLx):
• Distance between opposing left-mm flow lanes
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• Length of left-tum bay
• Left-tum radius
• Lane type (inside or outside)
Statistical analysis of the 10 independent variables indicated that the distance between 
opposing left-turn flows was most consistently related to the calculated left-turn factor 
and saturation flow.
Criteria for the geometric design of triple left-tum lanes at signalized intersections 
have been proposed based on design experience gained in Las Vegas, Nevada 
(Ackeret 1994). Ackeret has suggested that there are three general types of triple left- 
tum lane configurations, viz. Exclusive all lanes Shadowed, Exclusive outside trap 
lane and Permissive outside lane optional.
Ackeret identified the following elements that should be addressed during the design 
of triple left-tum lane facilities;
Selection of the design vehicle 
Determination of design vehicle turning paths 
Approach and departure lane widths 
Determination of storage bay and taper lengths 
Roadway delineation and signage
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• Signal design
To supplement the work completed by ITE Committee 5P-5 on dual left-tum lanes, 
the Institute of Transportation Engineers created a secondary research committee 5P- 
5A which produced a companion document entitled "Capacities of Triple Left-Tum 
Lanes." The results of this committee’s study were based on a small sample of 17 
intersections that were not randomly selected. Field observations were collected from 
as many triple left-tum lane installations as could be identified by committee members 
in their local areas.
The findings of this limited study indicate an overall saturation flow rate for triple 
left-turn lanes to be approximately 1830 vphgpl. These findings were found to be 
within about five percent (5%) of the rates reported by Leonard (Leonard 1994) for 
triple left-turn lanes, and by the Institute of Transportation Engineers Committee 5P-5 
(ITE 1993) for double left-tum lanes. The study also suggests a left-tum adjustment 
factor f^x of a value of 1.0 may be appropriate for triple left-tum lanes.
Prior to the recent work performed by Leonard and the ITE research committees, the 
most significant contributions in this area of study are from Stokes, whose work 
represents the greatest amount of research on saturation flows of exclusive dual left- 
tum lanes completed during the past decade. His dissertation (Stokes 1984) is the 
basis for several papers on the topic of intersection operational characteristics (Stokes
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1986, Stokes 1988, Stokes 1989) and summarizes the major findings of previous 
research efforts on intersection saturation flow rates. Stokes observed 14 intersections 
with exclusive dual left-turn lanes from three Texas cities. He concluded that 
exclusive dual left-turn lanes have a saturation flow of approximately 1600 vphgpl 
which is a flow rate of approximately 90 percent of an assumed straight-through flow 
rate of 1800 pcphgpl. The work also concluded that average departure headways do 
not significantly vary between the two left-tum lanes. However, the average 
departure headways appeared to be significantly shorter in the large city of Houston, 
Texas as compared with the small-and medium-size cities of College Station and 
Austin, Texas.
Saturation flows of protected dual left-mm lanes have also been smdied by Cone as 
part of his thesis work at the University of Arizona, (Cone 1989). Cone observed six 
(6) intersections in the Tucson, Arizona area and compared them to the work done by 
Stokes in his Texas smdy. Cone’s work concluded that the average samration flow 
rate for the inside lane was 1737 vphgpl and 1802 vphgpl for the outside lane and 
therefore, there was no significant difference in observed samration volumes between 
the two lanes. The average samration flow rate of 1769 vphgpl was higher than 
Stokes 1600 vphgpl and the estimated rate from the 1985 HCM of 1656 pcphgpl. 
Cone suggested that aggressive driver behavior within the Tucson area may have 
played a role in the higher samration flow rates he observed.
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Kunzman (Kunzman 1978) pointed out problems in calculating intersection capacities 
using the 1965 Highway Capacity Manual, (HCM 1965). The 1965 HCM was based 
on at-grade intersection capacity data collected in 1955 and 1956. The 1965 HCM 
indicated that on the extreme, traffic can rarely move away from a stop at a signal 
with a rate greater than 1500 vphgpl nor at a rate greater than 2000 vphgpl with 
perfect progression or no vehicle stops. In addition, the exclusive single left-turn 
capacity for a 10 foot lane width and 5 percent trucks was recommended in the 1965 
HCM to be 1200 vphgpl at a level of service capacity of E. Additional left-turn lanes 
were recommended to have a service volume (saturation flow rate) of 0.8 times the 
single left-turn rate of 1200 vphgpl.
Kunzman collected data on vehicle headways to determine intersection saturation flow 
volumes at 175 locations within Orange County, California. These observations were 
made on 111 through lanes, 37 left-tum lanes and 27 dual left-tum lanes. The field 
observations were collected by stop watch over a month during AM and PM peak 
hours. Data were collected while traveling within the vehicle stream. The queue 
position and time that it took for the vehicle in front of the observer’s vehicle to cross 
the stop bar from the onset of green were recorded. The data sets were collected for 
intersections with and without street parking, and for various percentages of trucks. 
The observations were segregated for queue lengths of 4 or less vehicles and for 5 or 
more vehicles. Kunzman’s research concluded that the saturation volumes used by 
the 1965 HCM methodology were from 13 to 44 percent lower than the average
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values found during his study. For the total sampling, Kunzman determined a mean 
saturation flow rate with a 95 percent confidence level of 1672 vphgpl for through 
traffic, 1632 vphgpl for single lefts and 1523 vphgpl for dual lefts.
Kunzman also used his collected data to review Bruce Greenshields’ discharge 
headway formula from his 1947 works (Greenshields 1947). Greenshields’ formula 
for finding the headway discharge time for the n"* vehicle in queue is given by:
T =  3.7 +  2.1n
Where: T =  Total time in seconds needed to discharge a vehicle queue of n
vehicles to the intersection stop bar.
From queue discharge time observations for vehicles in queues 4 or less in length and 
for vehicle queue length of 5 or more, Kunzman suggested the following new 
relationships:
Through Lanes T = 0.68 +  2.05n
Single Left-Tum Lanes T =  1.91 +  1.85n
Double Left-Tum Lanes T = 1.04 +  2.18n
Recommended Formula T = 1.1 +  2.1n
(for all movements)
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The most significant finding by Kunzman was that the start up delay decreased from 
Greenshields 3.7 seconds to 1.1 seconds. The suggested reason for this change in 
value was attributed to the reduced use of manual transmissions and improved car and 
truck acceleration capabilities from the time of Greenshields’ observations in the 
1940’s.
Research into the headways and saturation flow rates of dual left-turn lanes have been 
studied by several researchers during the 1960’s and 70’s in addition to those 
previously discussed. Table 2, as adapted from (ITE 1993), summarizes the reported 
saturation flows for through and left-turn flow rates. The calculated through volume 
saturation flow rate for Greenshields of 1714 vphgpl was determined based on his 
reported 2.1 second headway determination. In addition, the suggested saturation 
flow rates for the 1950, 1965, 1985 and 1994 editions of the Highway Capacity 
Manual along with the TRB Circular 212 method are also presented. Table 2 
provides a historical comparison of the various reported values of saturation flow 
rates and calculated left-turn factors from the given results. With one exception, all 
previous research has addressed only one type of left-tum facility at a time. The 
exception is the work done by Kunzman 1978. This research documented saturation 
flow volumes while being part of the traffic stream at 175 intersection locations 
within Orange County that included through, single left-tum and dual left-tum lanes.
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A significant disadvantage to the previous work conducted has been the assumed 
comparison of the results for each type of left-turn facility. The purpose of this 
research is to expand and supplement the work that has previously been conducted 
while following the same saturation flow measurement procedures used by ITE 
Technical Committees 5P-5 and 5P-5A for evaluation and comparison purposes.
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CHAPTER 3 
RESEARCH APPROACH
The primary objective of this research effort was to gain a better understanding of the 
operational characteristics of single and multiple left-turn lanes as compared to 
through-lane saturation flow rates on the same intersection approach. Field 
observations of single, dual and triple left-turn lane saturation flow rates were to be 
made under similar driver behavior and street network conditions within the Las 
Vegas Metropolitana Area to provide a direct comparison of the operational 
characteristics of single versus multiple left-tum lanes. The research methodology 
and problem investigation used to achieve these objectives are presented and discussed 
in this chapter.
Research Methodology
Capacity
The underlying desire to obtain a better understanding of the operational 
characteristics of single, dual and triple left-tum lanes at urban intersections is to 
increase our abilities to improve capacity and traffic operations at intersections. The
30
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term "capacity" has evolved over the years. It was described in the 1950 HCM by 
the generic expression "pertaining to the ability of a roadway to accommodate 
traffic," and was defined to include the following traffic concept definitions:
Basic Capacity - The maximum number of passenger cars that can pass a 
given point on a lane or roadway during one hour under the most nearly ideal 
roadway and traffic conditions which can possibly be attained.
Possible Capacity - The maximum number of vehicles that can pass a given 
point on a lane or roadway during one hour, under the prevailing roadway and 
traffic conditions. The volume of traffic that cannot be exceeded in actuality 
without changing one or more of the conditions that prevail.
Practical Capacity - The maximum number of vehicles that can pass a given 
point on a roadway or in a designated lane during one hour without the traffic 
density being so great as to cause unreasonable delay, hazard, or restriction to 
the drivers’ freedom to maneuver under the prevailing roadway and traffic 
conditions.
Roadway capacity was recognized in the 1950 HCM as being controlled by two 
groups of "prevailing conditions." The first group were those that were determined
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by the physical features of the roadway. The second group were those that are 
dependent upon the traffic using the roadway.
The 1965 HCM further defined the term "capacity" to be synonymous with the 
"possible capacity" definitions from the 1950 HCM. The 1965 HCM clarified the 
described capacity constraints at an intersection to be dependent upon four (4) 
elements:
• Various physical and operating characteristics of the roadways
• Environmental conditions which have a bearing on the experience and
actions of the driver
• Characteristics of the traffic stream
• Traffic control measures
The currently accepted definition of capacity as defined in the 1994 HCM is:
"The maximum hourly rate at which persons or vehicles can reasonably be 
expected to traverse a point or uniform segment of a lane or roadway during a 
given time period under prevailing traffic, roadway and control conditions."
The evolution of the definition of "capacity" reflects a continued recognition of the 
interaction between the vehicle, roadway and traffic control elements that affect it. 
The following conditions are considered to directly control the capacity of a roadway 
facility:
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Traffic Conditions - The traffic composition, i.e. passenger cars, trucks, buses 
and RV’s within the traffic stream as it relates to varying acceleration and 
vehicle operating characteristics.
Roadway Conditions - The geometric characteristics of the roadway and/or 
intersection such as:
Vertical and horizontal alignments of roadway as it relates to 
design speed
Lane width and lateral clearance
Roadway grades as they affect vehicle acceleration and 
deceleration characteristics.
Traffic Control - Traffic control is used to facilitate roadway safety by 
providing for orderly and predictable movement of all traffic along a roadway 
system. This control is generally provided by traffic signals, signs and 
pavement markings. These devices regulate, guide, warn and channel the 
movement of traffic within a street network. This research does not address 
the traffic control conditions of the intersection sites studied except for the use 
of protected left-tum phasing.
A key basic assumption o f the research methodology is that the above traffic 
conditions are comparable (or similar) among the intersection sites, and only the 
roadway conditions (left-turn lane geometric characteristics) vary among observed 
intersections. This conditional assumption is made to facilitate the evaluation and
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comparison of the operational characteristics and the capacity of various left-turn lane 
configurations.
Previous research as shown in Table 2 illustrates that the intersection geometry of '  
exclusive single, dual and triple left-turn lanes have been studied independently of 
each other; therefore, the basic assumption of assumed constant traffic conditions may 
not be valid in comparing the results of the various studies.
The basic methodology of this research is to evaluate exclusive single and multiple 
left-turn lanes under conditions that attempt to hold constant all other intersection 
characteristics, variations of traffic and roadway conditions. Therefore, the resulting 
intersection variations among single, dual and triple left-turn lanes can be attributed to 
only these factors of intersection geometry. The following elements were held 
substantially equal and constant among the selected sites.
All observations are made within Las Vegas Metropolitan Area.
This criterion is set so that the intersection observations 
maintain, reasonably:
- Constant driver experience and behaviors
- Similar motor vehicle age mix and operational characteristics.
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Observe only during street network peak period conditions.
Observance of intersection traffic flow during peak-period 
conditions is to ensure that saturation flow conditions exist 
during observation periods. This also helps minimize variability 
in travel demand, driver behavior and vehicle mix characteristics 
in the data base.
Observe only during dry pavement and good weather conditions.
Since field observations were conducted over a period of time 
(1993 through 1995), it is important that weather conditions at 
the time of observation be as similar as possible in order to 
reduce variations in driver behavior.
Observe only at locations where intersection angles of approximately 90 
degrees exist.
This geometric element was a critical constant so that the left- 
tum geometry and vehicle turning paths were similar among 
observed intersections.
Observe only at intersections with relatively flat approach and 
departure grades on the order of 2 percent or less.
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For comparison purposes it was important that vehicle 
acceleration rates into and out of the intersections were similar 
among observation sites. Steep positive or negative grades 
entering or leaving an intersection leg could significantly affect' 
vehicle performance and the resulting saturation flow rate.
To the extent possible, observe only at intersections with 11 to 12 foot
wide approach travel lanes.
The Highway Capacity Manual (HCM 1994) considers a lane 
width of 12 feet to be the ideal condition for a lane width factor, 
f,,, =  1.0. Lane widths of 11.0 feet are considered less than 
ideal for the determination of intersection capacity with a 
recommended width factor of f,^  =  0.967. Lane widths of less 
than 12 feet are considered restrictive to a driver’s performance, 
which consequently reduces the resulting saturation flow rate 
from the ideal fate. Since the majority of left-tum lanes within 
the Las Vegas Metropolitan Area are between 10.5 feet and 12 
feet in width, it was not considered practical to restrict the study 
intersections to the select few that have 12-foot wide left-tum 
lanes.
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Observe only where street parking is prohibited adjacent to approach 
and departure travel lane(s) within 250 feet of the intersection.
Street parking and the associated delays due to vehicle 
maneuvering into and out of parallel parking spaces has been ' 
found to reduce the approaching and departing free flow 
capacity of the roadway. To ensure that unknown flow rate 
restrictions due to street parking were not incorporated into the 
comparison of left-turn saturation flow rates among intersection 
sites, only those intersections without street parking were 
included in the selected intersection sites for observations.
Observe conditions without heavy vehicles within the traffic stream. 
Acceleration rates of heavy vehicles are less than a typical 
passenger vehicle, and result in an increase in the observed 
headways between vehicles as a queue discharges through a left- 
tum movement. Increased vehicle headways result in the 
calculation of reduced flow rates for the intersection that do not 
represent ideal saturation flow conditions. To reduce unknown 
variations in intersection observations and its resultant 
interpretation, data sets were collected without heavy vehicles 
within the traffic stream. For those conditions when a heavy 
vehicle was found to be present within the vehicle queue, the
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headway times were observed but the information was recorded 
and evaluated separately.
Observe only at intersections where and when cycle lengths are 
approximately 120-160 seconds.
The majority of the signalized intersections within the Las 
Vegas Metropolitan Area are controlled by a central computer 
system known as LVACTS (Las Vegas Area Computer Traffic 
Control System). This computer system maintains progression 
on major arterial streets to reduce overall network delays. The 
progression patterns within the Las Vegas Street network 
maintain intersection cycle lengths varying between 120 and 160 
seconds in length. Only those intersections with similar signal 
lengths were selected to achieve consistency in driver behavior 
among intersection sites as a result of waiting at relatively long 
intersection cycles.
Observe only at intersections with posted roadway speeds of 35 to 45 
mph.
Speed control signs located near the selected intersection sites 
with a posted roadway speed limit of 35 to 45 mph allow drivers
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to have a consistent acceleration expectation as they depart the 
intersection.
• Observe comparable intersection signalization facilities for similar 
driver comprehension.
Selected intersection sites were found to have similar signal 
equipment and signal head placement, which provided drivers 
with consistent intersection conditions for comprehension and 
reaction.
Capacity Analysis of Signalized Intersections 
The saturation flow rates on various intersections were observed to evaluate the 
operational characteristics of exclusive single and multiple left-tum lanes. Several 
methods have been used to analyze the capacity and level of service of signalized 
intersections. The 1965 HCM techniques were based on a total approach curb to curb 
chart concept. The capacity charts were developed through regression analysis from 
observed intersections. The charts assumed conditions with 10 percent right turns, 10 
percent left tums and 5 percent tmcks in the traffic stream. Chart values were 
adjusted to reflect metropolitan population size and location of the intersection within 
the urban area. This method received much criticism. The 1985 HCM adopted an 
approach lane concept for analysis that is still a part of the 1994 HCM methodology.
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The 1994 HCM operational method defines the capacity at a signalized intersection 
for each approach lane group (i.e. left, through, right). Under this method, the 
Intersection capacity is determined to be the maximum rate of flow on each approach 
that, in turn, defines the total intersection capacity based on the signal cycle length 
and green time allocation. The approach volume to capacity ratio can then be 
determined using this Information. The approach lane delay can be calculated, 
enabling the determination of the average vehicle delays at the intersection. The 
average vehicle delay is then used to define a Level of Service (LOS) letter 
designation A through F, with LOS A being the best and LOS F representing the 
worst conditions for the capacity analysis.
Using the approach lane concept, the capacity of an intersection approach or lane 
group is determined by (HCM 1994);
Cj = Si (gi/C) Equation 1
where:
C; =  Capacity of the lane group (vph)
Si =  Saturation flow rate for the approach lane group (vphg)
gi =  Effective green time for approach lane group
C = Signal cycle length
gi/C =  Green time ratio for approach lane group
Subscript i refers to each intersection approach lane group i which is defined 
to be one or more lanes on an intersection approach serving one or more 
traffic movements.
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As can be seen, the lane group capacity is directly related to the saturation flow rate 
(S|) and the signal green/cycle (g/C) time ratio for the approach lane group. The 
saturation flow rate is defined as the maximum rate of flow that can pass through a 
given intersection approach or lane group under prevailing traffic and roadway 
conditions assuming that the approach or lane group has 100 percent of the real time 
available as effective green time. In other words, the saturation flow rate is the 
number of vehicles that could enter an intersection in a single lane if a signal were 
always green for that direction and the vehicle never has to stop.
It is also important to recognize that the 1994 HCM methodology is based on the 
saturation flow rate (S), vehicle flow rate (v) and capacity (c) which are all defined as 
totals for each approach lane group and are based on a given set of prevailing 
intersection conditions.
Samration Flow Rate 
The determination of the saturation flow rate for each intersection approach lane 
group is a critical component to the 1994 HCM intersection analysis methodology. 
The determination of this value directly impacts the resulting capacity analysis and 
subsequent vehicle delay evaluations and level of service determinations.
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The 1994 HCM methodology (HCM 1994) states that the saturation flow rate (S) of 
an approach or lane group in Equation 2 accounts for specific intersection conditions 
or adjustments from an ideal saturation flow rate per lane (S„).
S =  S., N f,, f„v fg fp fbb fa fRT fuT Equation 2
where:
So = Ideal Saturation Passenger Car Flow Rate per Lane Expressed in 
(pcphgpl)
N = Number of Approach Lanes
f„ =  Lane Width Factor
fnv =  Heavy - Vehicle Factor
fg =  Adjustment Factor for Approach Grade
fp =  Parking Factor
fhb =  Bus Blockage Factor
fg =  Area Type Factor
f^ T =  Right-Tum Factor
f^ T =  Left-Tum Factor
The ideal saturation flow rate for signalized intersection approaches is 1900 pcphgpl 
as defined by the 1994 HCM. The ideal conditions for approach lanes have the 
following characteristics:
12 foot lane widths 
Level approach grades
Traffic stream composed of passenger cars only 
No left or right turning vehicles within the traffic stream 
Intersection located in a non-CBD area
No parking adjacent to moving travel lanes within 250 feet of the 
intersection
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• No Bus Stops
The saturation flow rate of an approach lane or lane group may also be defined by the 
inverse relationship between headway and saturation flow rate as given in Equation ' 
3. Equation 3 is the fundamental relationship for this research.
3600
S =    Equation 3
h
where;
h =  Saturation flow rate headway (sec/veh) 
S =  Samration flow rate (vehicles per hour)
The samration headway, h, is the time interval between vehicles crossing the "stop 
bar" marking of a travel lane when entering an intersection once a stable moving 
queue is established. For the ideal rate of 1900 pcphgpl, the resulting ideal headway, 
h, is 1.895 seconds per the 1994 HCM.
The approach of this research was to measure field headway times during stable 
moving vehicle queues within single, dual and triple left-mm lanes and compare them 
to the adjacent through lane headways. The field measurement of headways allows 
for the direct determination of acmal samration flow rates using Equation 3.
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The actual field measured left-turn lane saturation flow rates can be compared to the 
1994 HCM recommended values given in Table 2. A left-tum factor for the field 
measurements can be calculated from the following:
Slt
f^ T =  —  Equation 4a
Stk
Where:
Slt =  Field measured saturation flow rate of the individual exclusive left-mrn 
lane (pcphgpl).
S-TH =  Field measured saturation flow rate in one of the adjacent through lanes 
to the exclusive left lane or lane group (pcphgpl).
The determined left-tum factors can be compared with the 1994 HCM recommended 
value of 0.95 for exclusive left-turn lanes.
Similarly, a heavy-vehicle factor (f^y) can be calculated from field measurements 
using the following relationship:
Shv
fnv = —  Equation 4b
So
Where:
Shv =  Field measured saturation flow rate of a heavy vehicle as one of the 4th 
through 8th vehicles in an observed discharge queue (vphgpl).
So =  Ideal saturation flow rate per lane (pcphgpl).
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Due to the stntcture of this research, the calculated heavy-vehicle factor represents 
one heavy vehicle within the four vehicles observed during the saturation queue 
discharge. Therefore, the calculated heavy vehicle factor determined from Equation 
4b represents conditions with 25 percent heavy vehicles within the traffic flow. The' 
determined heavy-vehicle factor can be compared with the 1994 HCM recommended 
value of 0.800 for 25% heavy vehicles as presented in Table 9-6 (HCM 1994).
Determination of Saturation Headways 
Webster’s Model (Webster 1958) shown in Figure 1 demonstrates that when a vehicle 
queue is released by a traffic signal turning green, the flow rate rapidly increases 
from zero to the saturation flow rate. The figure also demonstrates that the saturation 
flow rate is steady and stable throughout the moving queue until the signal phase 
changes to amber, where the flow rate rapidly falls back to zero. The time from the 
initial onset of green until saturation flow is established was defined by Webster to be 
lost time as shown in Figure 1. Subsequent work has defined the total lost time (L) 
as the time period representing the sum of the initial start up, ending amber phase 
time and all red phase time. The difference between the actual green time (g) and the 
time of saturation flow or effective green time (g j is the lost time (L). Per Webster’s 
work (Figure 1), the total lost time (L) was defined to be the initial start-up time and 
a portion of the ending amber phase time with the all-red phase assumed to be equal 
to zero.
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Figure 1
(Source: Webster 1958)
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A typical time-space (or distance) diagram for a signalized intersection is shown in 
Figure 2. The figure illustrates trajectories of a number of vehicles through an 
intersection, as well as the signal phasing faced by the approach vehicles. The slope 
of any trajectory at any point is equal to the speed of the vehicle at that point in time.
The horizontal separation between successive trajectories is the time headway between 
them. The figure also illustrates a method for estimating the lost time due to start up 
with the onset of green.
As demonstrated in Figure 1 and Figure 2 (Webster 1958), the relationship between 
samration flow rate and lost times are critical to the determination of overall 
intersection capacity. For any given intersection approach or lane group, the 
available cycle time is used either at the samration flow rate (one vehicle every h 
seconds of samration headway) or by the lost time and signal red time.
Numerous smdies have been performed to smdy vehicle headways. As previously 
stated, the original work done by Greenshields (Greenshields 1947) was the basis for 
the relationship of:
T =  3.7 +  2. In Equation 5
where:
T =  Time to move n vehicles through the intersection 
n =  Vehicles in queue
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This equation indicates that for each green phase in a cycle the initial start-up lost 
time is 3.7 seconds. Furthermore, the equation shows a samration flow headway of 
2.1 seconds per vehicle, which corresponds to a samration flow rate of 1714 vphgpl 
as given in Table 2. Greenshields’ queue discharge data are given in Table 3. The' 
table indicates that after the 5th vehicle in the queue, the headway is stabilized and 
the saturation headway (saturation flow rate) is established.
TABLE 3 
Greenshields’ Queue Discharge Data
Position 
in Queue 
(n)
Cumulative
Time
(sec)
Observed 
Time Spacing 
(sec)
Added Start 
Up 
Time* 
(sec)
1 3.8 3.8 1.7
2 6.9 3.1 1.0
3 9.6 2.7 0.6
4 12.0 2.4 0.3
5 14.2 2.2 0.1
6 16.3 2.1 0.0
7 and over - 2.1 0.0
Total 3.7 sec
Added start-up time =  Observed Time Spacing — Samration Flow Spacing 
Where; Samration Flow Spacing =  2.1 seconds
Source: Greenshields 1947
Kunzman re-evaluated Greenshields’ work and reported the following revised equation 
(Kunzman 1978):
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
50
T = 1.1 + 2 .In Equation 6
As can be seen, the most significant revision between 1947 and 1978 was a reduction 
in the initial start up lost time. From previous discussion, one can see that the 
saturation headway can be measured once the vehicles in the initial start up of the 
queue have moved through the intersection. Previous studies [(ITE 1993), (Cone 
1989), (Stokes 1984), (Assmus 1970) and (Capelle & Pinnell 1961)] have indicated 
that saturation flow begins with the third vehicle in the queue. However, the 1994 
HCM has defined the period of saturation flow to begin when the rear axle of the 
fourth vehicle in the queue crosses the stop line and ends when the rear of the last 
axle of the last queued vehicle at the beginning of green crosses the stop line or 
reference point. Chapter 9, Appendix IV of the 1994 Highway Capacity Manual 
(HCM 1994) contains a field sheet and methodology for conducting direct 
measurements of prevailing saturation flow rates.
A revised HCM 1985 method was adopted in this research to simplify the task of data 
collection and to reduce variations in the collection methods and results from recent 
studies. Recognizing that steady and stable flow occurs after the 4th vehicle in the 
queue, the average total time between the 4th and 8th vehicles within the queue was 
observed to measure average saturation flow rate and headway. The time 
measurement was only recorded if the eighth vehicle had come to a complete stop in 
the queue before the onset of green. This approach for the field measurements
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allowed for only one time period needed to be measured during each cycle. The 
method reduced the potential for errors during data collection. The approach also 
ensured that an average saturation headway is measured during an established 
saturation flow condition. Concluding the saturation headway timing measurements ' 
after the 8th vehicle reduced the probability of the observed results being influenced 
by long vehicle queues and aggressive driver behavior which may have resulted in 
reduced headways near the end of green. Using the 8th vehicle will also tend to 
eliminate the potential for late arrivals in the queue from being incorporated into the 
observation data sets.
Problem Investigation
Sampling Plan
To provide a basis of comparing saturation flow data with the results of previous 
work completed by Stokes (1984), Cone (1989), Leonard (1993), ITE (1993) and ITE 
(1994), similar variables were identified for data collection in the adopted sampling 
program. In addition, a portion of the collected field data was in the same format 
used by ITE Committee 5P-5A, "Triple Left-Tum Lanes" during their national 
research data collection program and was subsequently included as a part of their 
findings (ITE 1994). The key variables measured during the field studies relate to 
two major categories: Samration Flow Data and Intersection Geometry. These 
category items are briefly presented in the following:
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Saturation Flow Data
For the selected group of smdy intersections within the Las Vegas Metropolitan Area, 
the following observations were obtained:
•  Conducted a simplified samration flow data collection smdy observing 
headways between the 4th and 8th vehicles in the discharge queue. 
Recorded vehicle queues during a signal cycle of only passenger 
vehicles that had a minimum of eight (8) vehicles completely stopped 
within the queue before the onset of green. A passenger vehicle was 
defined as all motor vehicles with four tires (i.e. cars, vans, pickup 
trucks).
•  Recorded elapsed time (to the nearest 0.01 second) by stop watch 
between the 4th and 8th vehicle in the queue.
•  To maintain consistent observations, one observer recorded the elapsed 
time for all left-mm lanes and the adjacent through lane on each 
intersection left-mm approach smdied.
The following conditions were maintained during the data collection phase of the 
project:
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• Observations were made during peak traffic demand periods, generally 
between 7:00 AM and 6:00 PM.
• Field data collection was made during unobstructed intersection 
operations (i.e. no accidents, no stalled downstream or upstream 
vehicles, no construction interferences and no downstream bus stop 
interferences) and with clear weather conditions providing dry 
pavement.
• In general, a minimum of twenty (20) saturation flow headway time 
observations were made for each intersection approach lane studied. 
(This observation number exceed those used by previous studies - 
Stokes 1989, ITE 1993, ITE 1994.)
Intersection Geometry 
At each intersection, the following geometry and intersection conditions were 
observed or measured (see Figure 3):
• Lane types and intersection configuration (see Figure 4)
• Measured lane widths (feet).
•  Number of left-tum receiving lanes (#).
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STOP BAR (TYP)
■APPROXIMATE OUTSIDE VEHICLE PATH
INTERSECTION CHANNELIZATION 
DELINEATION ( T Y P ) ---------------------
CROSSWALK (TYP)
LANE NUMBERING
L E G E N D
o  -  INTERSECTION ANCLE 
b  =  LEFT TURN BAY LENGTH 
t  -  TAPER LENGTH
d  -  MIN. DISTANCE BETWEEN OPPOSING 
LEFT TURN VEHICLES
Figure 3
Definitions of Geometric and Delineation Features 
Source; Ackeret 1993
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Exclusive double left-tum
a c
Permissive double left-tum
lane (botfi lanes shadowed; 
•left-tum signal)
lane (one trap lane; 
•left-tum signal)
lane (one lane optional; 
•left-tum signal)
Basic Double Left Turn ConBgurations 
Source: ITE 1975, pg. 52
TYPE A TYPE B TYPE C
Exclusive Triple L e fl-T u m -L o n e  Exclusive Triple L e ll-T u rn -L o n e  P erm iss ive  Triple L eft--T urn-L one
(All L ones Shadow ed) (O utside  Trop Lone) (O u ts id e  Lone Optionol)
Figure 4 
Multiple Left-Tum Configurations 
Source: Ackeret 1995
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Estimated inside center line turn radius (feet)
Estimated intersection angle (degrees).
Estimated approach grade (percent).
Measured left-turn bay length (feet).
Measured left-turn bay taper length (feet).
Estimated minimum distance between opposing left-turn vehicles (if 
concurrent left turns occur).
Measured distance to nearest downstream street or driveway if less than 
250 feet.
Las Vegas Area Computer Traffic System signal cycle length pattern 
time.
Intersection field sketch.
An example data collection form and instructions used in collecting field data are 
provided in Appendix II. These forms and instructions were given out to selected 
undergraduate/graduate students from Fall 1993 through Spring 1995 to assist in the 
data collection effort. Additional field observations and intersection measurements 
were conducted as needed to supplement and verify the data collection efforts.
Sample Size Determination 
To determine the minimum sample size required to have a 95 percent confidence level 
in the estimated saturation flow rates on each approach, the t-distribution relationship 
was used (ITE 1992). The t-distribution was selected rather than a normal 
distribution since the expected sample size was expected to be less than 30. May has
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stated, "For sample sizes less than 30, the t-distribution rather than the normal 
distribution is used." (May 1990, page 99.) The following procedure for sample size 
selection was used and was consistent with the methodology previously applied by 
Stokes and Cone.
e =
V~~n
Equation 7
Where: e
s
a =
n = 
=
error of the mean at chosen confidence level 
standard deviation of the sample
percent of confidence level chosen 
_
sample size
(l-a)“' percentile of the t-distribution with 
(n-1) degrees of freedom
= the standard error of the mean
V~n
Similar research (Stokes 1984) concluded that a sample size of 15 saturated phases per 
approach would be adequate to provide a level of confidence of 95 percent. This 
sample size was based on the following relationship for the saturation flow rates:
n =  (1.96 sŸlé- Equation 8
given: t„ =  1.960 for infinite degrees of freedom and a =  0.05
e — ±60 vphg 
s =  ±120 vphg
based on: s =  0.24R
Where: R =  (highest value - lowest value) in the population
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The previously accepted saturation flow rate of 1800 vphgpl (HCM 1985) with a 
saturation headway equal to 2.0 seconds, was used since this work was commenced 
prior to the release of the 1994 Highway Capacity Manual. For determining the 
study sample size, the mean saturation headway was selected to be the value x = 2.0 
seconds. Recognizing the reported historical saturation flow rate values in Table 2, 
the corresponding saturation headways range from 1.6 seconds to 2.4 seconds. Thus 
an estimated value of the sample standard deviation was calculated as;
s = 0.24R Equation 9
Where; R =  2.4 - 1 6  =  0.8 sec 
or
s =  0.24 (0.8) =  0.19 sec
Selecting a 95 percent confidence that the mean value will be within 5 percent (i.e.
a =  0.05) of the population mean (x), then:
e <  (0.05) (2.0 sec) = 0.1 sec 
a =  0.05
For small sample sizes (generally 25 or less observations), the value of is not
constant because there is a small number of degrees of freedom; therefore. Equation
7 must be solved by trial and error (ITE 1992, pg.92) using the values given in Table
4 for tj. The trial and error calculation results given in Table 5 are based on the
following criteria:
5 =  0.19 sec 
a =  0.05
e <  0.1 sec (desired)
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TABLE 4 
Values of the t„ Distribution
Degrees of 
Freedom
Values of a
Degrees of 
Freedom
Values of a
0.05 0.01 0.05 0.01
1 12.706 63.657 16 2.120 2.921
2 4.303 9.925 17 2.110 2.898
3 3.182 5.841 18 2.101 2.878
4 2.776 4.604 19 2.093 2.861
5 2.571 4.032 20 2.086 2.845
6 2.447 3.707 21 2.080 2.831
7 2.365 3.499 22 2.074 2.819
8 2.306 3.355 23 2.069 2.807
9 2.262 3.250 24 2.064 2.797
10 2.228 3.169 25 2.060 2.787
11 2.201 3.106 30 2.042 2.750
12 2.179 3.055 40 2.021 2.704
13 2.160 3.012 60 2.000 2.660
14 2.145 2.977 120 1.980 2.617
15 2.131 2.947 00 1.960 2.576
Source: ITE 1992 - Traffic Engineering Handbook 4th Edition.
The results given in Table 5 indicate that a minimum sample size of 16 observations 
of saturated headway per approach lane would provide a 95 percent confidence level 
for the given conditions.
Due to possible variations in the estimates used in selecting the sample size, twenty 
(20) observations of the saturation headway per approach lane were obtained for each 
selected intersection approach in order to meet the objectives of this study.
During the data collection phase of the study, the original sample size determination 
was reviewed based on a few specific experiments. On the northbound approach to
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TABLE 5
Sample Size Trial and E rror Selection 
for s =  0.19 sec 
a = 0.05
Trial
n
Degrees of 
Freedom 
(M-1)
Value of 
4
(Table 4)
Value of 
e
(Equation 7)
Result
10 9 2.262 0.14 e >  0.1 Not OK
15 14 2.145 0.11 e =■ OA Not OK
16 15 2.131 0.10 g =  0.1 OK
20 19 2.093 0.09 e <  0.1 OK
25 24 2.064 0.08 e < 0.1 OK
30 29 2.046 0.07 g <  0.1 OK
the intersection of Charleston Boulevard and Rainbow Boulevard and on the 
southbound approach to the intersection of Sahara Avenue and Maryland Parkway, 
thirty (30) observations of the time headway between the 4th and 8th vehicles of the 
adjacent through-lane were obtained (see Table 6 and Table 7). Analysis of these 
data determined a standard deviation s = 0.909 for the Charleston Boulevard/ 
Rainbow Boulevard intersection and a similar value of 5 =  0.887 from the Sahara 
Avenue/Maryland Parkway intersection observations. For sample sizes (n) greater 
than or equal to thirty (30) the sample size is considered to be statistically large 
enough so that the sample mean (x) closely approximates the true population mean 
(x), and the estimated sample variance closely approximates the true standard 
deviation (a*).
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INTERSECTION:
SAMPLE 
SIZE =
TABLE 6
RAINBOW EL / CHARLESTON EL 
NORTHBOUND DATE: 12/28/94
30
SAMPLE 
SIZE = 30
FT THRU
7.60 6.33
5.83 6.53
6.38 6.20
7.46 8.49
7.34 7.79
8.79 7.60
7.90 6.82
6.74 6.40
6.37 5.95
8.63 6.22
6.81 7.62
6.91 7.47
6.71 7.05
6.82 6.86
6.93 6.16
8.49 7.38
6.15 8.01
8.28 8.98
8.24 6.95
8.78 8.71
5.94 6.90
6.89 7.16
7.77 8.06
5.58 6.35
6.97 7.61
8.89 8.69
7.10 6.77
6.67 6.16
7.45 5.54
7.85 8.03
AVERAGE =
MAX = 
MIN =
7.28 SEC
8.89
5.58
STD DEVIATION = 0.930531 
VARIANCE = 0.865887
95% CONFIDENCE: 0.33 SEC
7.16 SEC
8.98
5.54
0.908919
0.826134
0.33 SEC
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INTERSECTION:
SAMPLE
SIZE: 30
TABLE 7
SAHARA AVE / MARYLAND PKY 
SOUTHBOUND DATE: 1/13,16/95
SAMPLE 
SIZE :  30
FT THRU
6.79 6.78
8.04 5.83
7.11 7.33
8.02 6.92
6.97 7.49
7.79 7.81
8.13 7.26
8.67 6.40
7.25 8.25
7.86 8.83
7.47 8.47
6.85 6.76 1/16/1995
7.90 7.42
7.47 7.09
7.86 8.13
8.54 9.93
8.62 8.41
7.58 8.70
7.91 7.53
7.92 7.21
7.78 1/16/1995 7.93
9.25 8.27
7.79 8.06
8.86 8.02
8.53 7.02
6.54 8.12
7.55 8.85
6.39 8.02
8.72 7.85
7.19 9.43
AVERAGE :
MAX: 
MIN =
7.78 SEC
9.25
6.39
STD DEVIATION = 0.706961 
VARIANCE :  0.499794
95% CONFIDENCE: 0.25 SEC
7.80 SEC
9.93
5.83
0.887269
0.787246
0.32 SEC
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Accepting the larger observed value for the standard deviation of s = 0.91 to 
represent the general population of all headway observations for the study area 
implies that or =  0.91. Now the anticipated 95 percent confidence interval can be 
directly determined from Equation 10 (based on Equation 7 with t, = 1.96 and 
5 =  cr). The average headway corresponding to a saturation flow rate of 1900 
pcphgpl is;
h =   3600 sec/hr_____  = 1.895 sec/vehicle
19CX) veh/hr/lane
Based on the following calculation, the range in the observed sample mean (x) of four 
vehicle headways is expected to be four times 1.895 seconds, or 7.58 seconds ±  0.40 
seconds for twenty (20) observations of an ideal saturation flow rate of 1900 pcphgpl:
g =  95% Confidence Interval =  1.96 ( y  n )  Equation 10
where:
n =  Number of Observations or Sample Size = 20
cr =  Standard Deviation of the Population =  0.91
/  0-91 \
e =  95% Confidence Interval =  1.96 \ c / ^  )
e =  error =  0.40 seconds
The above calculation represents an acceptable per vehicle headway error (g) in the
ideal headway of 1.89 seconds ±0.1 second and was found to be consistent with
previous calculations completed prior to the data collection effort to determine the
required sample size of twenty (20) observations.
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Intersection Site Selection 
ITE Technical Committee 4L-M identified and published three common schemes for 
dual left-turn lane installations (ITE 1975), as shown on Figure 4. Figure 4 also 
shows an adaptation of these three basic schemes as they apply to triple left-turn lands 
(Ackeret, 1994). In selecting a representative sample of intersections to be observed 
within the Las Vegas Metropolitan Area, the following considerations were made:
• Obtain data at all existing triple left-turn lane intersection approaches 
with peak period saturation flows.
•  Observe similar urban arterial dual left-turn lane intersections in the 
vicinity of the triple left-turn lane intersections with similar geometric 
schemes and characteristics.
•  Select urban arterial dual left-turn lane facilities with similar expected 
driver behaviors (i.e. tourist areas, arterial commuter areas).
•  Select intersection approaches with common configurations.
• Observe intersections with limited pedestrian interference.
• Do not observe intersections within the Central Business District of 
Downtown Las Vegas.
• Do not observe freeway onramp or offramp intersections due to 
approach or departure roadway grades.
Potential intersection approaches were selected for observation after a field study was 
conducted of the arterial street network representing the central core of the Las Vegas 
Metropolitan Area. The central core study area as shown on Figure 5 represents an 
area of approximately seventy (70) square miles, including approximately 310 
signalized intersections. (See Appendix III.) However, due to intersection
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geometry, potential pedestrian conflicts and/or signal phasing, only 75 of these 
signalized intersections were selected for potential evaluation.
Problem Hypothesis
Previous research efforts concerning the measurement of saturation flow rates have 
found evidence that saturation headways have been becoming shorter within the last 
decade. As a result of these findings, the 1994 Highway Capacity Manual now 
recommends an ideal through-lane saturation flow rate of 1900 pcphgpl. Recent 
research into the measurement of saturation flow rates for exclusive multiple left-turn 
lanes has also identified higher than previously expected values for left-turn saturation 
flows. These limited studies have suggested that a left-turn factor (f,.?) of 1.0 may be 
more appropriate than the current recommended value of 0.95 contained in the 1994 
Highway Capacity Manual.
The objective of this research is to evaluate saturation flow rates and to determine 
left-turn factors for single and multiple left-turn lanes within a study area that 
provides relatively consistent driver characteristics and geometric conditions. The 
following problem hypotheses were defined to test the findings of the data collection 
effort and to advance existing research into defining a recommended left-turn factor 
for single and multiple left turns. The first hypothesis to be tested is designed to 
confirm that the observed data support the recommended 1994 Highway Capacity
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Manual ideal saturation flow rate for through-lane movements at an intersection. The 
null hypothesis (H„) for this test was defined to be:
H„: "The ideal saturation flow rate, (SJ for the Las Vegas Metropolitan Area 
is 1900 pcphgpl as recommended for ideal conditions at signalized 
intersections. "
The second problem hypothesis to be tested is to evaluate the recommended left-turn 
factor of the 1994 Highway Capacity Manual. The Null Hypothesis (H„) for the 
second test was defined as:
H„: "The left-turn lane saturation flow rate(s) fo r  the Las Vegas Metropolitan 
Area is 0.95 times (fup=0.95) the ideal saturation flow  rate at signalized 
intersections. "
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CHAPTER 4 
DATA COLLECTION AND REDUCTION
Data Collection
The extensive data collection effort to obtain saturation flow headways was conducted 
over a three-year period. The first observations and testing of the data collection 
procedures were conducted during the fall of 1993. To maximize the data collection 
effort, intersection observations were conducted with the assistance of trained 
graduate and undergraduate students in transportation engineering courses. A list of 
prospective intersections conforming to the selection criteria set forth in Chapter 3 
was developed from field observations. This list was used to assign intersections for 
field observation. The data collection effort also included measurement of key 
intersection characteristics and geometry. During field observations truck headways 
were segregated from passenger vehicle headways for separate analysis. All 
saturation headway flow observations followed the modified Highway Capacity 
Manual procedure as described in Chapter 3, Sampling Plan. An example of the field 
data worksheet and instructions for data collection is provided in Appendix H
68
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To develop an inventory of potential study sites, the study area shown in Figure 5 
was cross-referenced against the Las Vegas Area Computer Traffic System 
(LVACTS) signal inventory provided in Appendix III. As a result of the inventory 
effort, a total of 75 intersections from the 314 signalized intersections within the study 
area were determined to be potential candidates for observation based solely upon 
intersection geometry and intersection signal phasing. After conducting field 
observations of potential study sites, many potential single left-turn intersections along 
the major arterials within the Las Vegas Metropolitan Area were eliminated from 
further field observation consideration since they were found to be provided with 
protected - permissive left-turn phasing as opposed to the desired "protected" left-turn 
phasing. Figure 6 graphically summarizes the potential study sites that were available 
for field observation after the initial screening process.
Upon initiating field observations of saturation headways during peak hour conditions, 
additional intersection sites were eliminated due to individual site conditions, further 
reducing the number of study sites available for consideration from those shown in 
Figure 6.
The following criteria were used to screen the field observation results for data base 
elimination prior to adopting an intersection approach for detailed analyses:
• Observations with less than eight vehicles in queue were not considered in the 
analysis. This occurred at intersections where there was insufficient vehicle
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volume in one or more of the approach lanes being studied to sustain 
saturation flow conditions.
Observations at intersections with signal phase timings that prevented proper ' 
vehicle queue observations at the intersection approach were not considered in 
the analysis. For example, these conditions occurred where the left-turn green 
time was insufficient in length to clear more than seven vehicles during the 
provided left-turn green phase. In other words, the eighth vehicle traveled 
through the intersection during the yellow or red signal indication of the left- 
turn.
Observations at intersections with progression timings that prevented left-turn 
vehicle queues from forming were not considered in the analysis. Even 
though sufficient left-turn vehicle volumes existed at a selected intersection, 
saturation flow field observations were found to be impossible to collect during 
leading or lagging left-turn signal operations as they were in coordination with 
vehicle progression platoons along the signalized arterial. Left-turn vehicles 
were found to arrive at the onset of the left-turn green, therefore sufficient 
vehicle queues were not formed during peak periods.
Data not collected and/or improperly completed data collection forms were not 
considered in the analysis.
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Eight approaches at two intersections near the high traffic volume area of Las Vegas 
Boulevard "The Strip" were observed by video taping. The video taping was 
conducted using tripod mounted VHS camcorders. Each tripod was positioned to 
frame a picture of the approach lane and any traffic signal indication. Intersection 
observance by video was chosen since pedestrian overhead walkways are located at 
these intersections providing an ideal observation platform over the roadway. These 
platforms allowed video taping to be conducted without interfering with the traffic 
flow operations of the street below. The video taping procedure was used at the 
intersections of Tropicana Avenue with Las Vegas Boulevard and Sahara Avenue with 
Paradise Road. The video tape records were observed and saturation headway 
recorded using a stopwatch. Camcorder time speeds were checked by comparing the 
signal cycle lengths observed in the field to those observed during video playback.
The selected intersection sites to be incorporated into the data base for detailed 
analysis were typically too busy to allow field measurements of intersection geometry 
during the peak hours of saturation headway observation. Consequently, geometric 
field measurements were conducted during off peak periods, usually on Sunday 
mornings. The results of the field measurements are provided in Appendix IV, 
Summary of Study Intersection Characteristics and Geometry.
As a result of the data collection effort, a total of 62 individual intersection 
approaches were found to be suitable for analysis as illustrated in Figure 7 and listed
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in Table 8. Table 8 summarizes the database that represents a total of 35 
intersections representing 23 single, 36 dual and 3 triple left turn lane approaches.
As seen on Figure 7, the database for analysis represents intersection approaches 
throughout the study area and contains a significant number of locations meeting the ' 
requirements of this study. All of the available triple left-turn lane intersection 
approaches with sufficient saturation headway flows were observed during the data 
collection phase of the study.
During the data collection effort, an opportunity arose during an unseasonable January 
rainstorm in the Las Vegas area to collect saturated headway flow data under wet 
pavement conditions. On January 25, 1995, the northbound, eastbound and 
westbound approaches to the intersection of Rainbow Boulevard with Charleston 
Boulevard were observed. The observations supplemented dry pavement saturation 
headway measurements recorded a month earlier, during December 1994.
The time requirements to collect intersection saturation flow headways varied from 
site to site due to a number of factors; however, in general, the level of effort 
required to collect the field data is summarized in Table 9.
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TABLE 8
Summary of Intersection Approach Observations
Single Left Turn Lanes
Intersection Site 
Maryland Parkway/Tropicana Avenue
Sahara Avenue/Jones Boulevard
Valley View Boulevard/Charleston Boulevard
Rainbow Boulevard/Charleston Boulevard
Tropicana Avenue/Pecos Road
Flamingo Road/Paradise Road
Eastern Avenue/Flamingo Road 
Tropicana Avenue/Koval Lane 
Flamingo Road/Las Vegas Boulevard 
Valley View Boulevard/Sahara Avenue 
Spring Mountain Road/Decatur Avenue 
Westcliff Way/Rainbow Boulevard 
Sahara Avenue/Maryland Parkway 
Charleston Boulevard/Nellis Boulevard 
Spring Mountain Road/Valley View Boulevard 
Pecos Road/Desert Inn Road
Approach
NB
EB
NB
WB
NB
EB
NB
WB
EB
NB
SB
SB
WB
NB
WB
EB
NB
WB
NB
SB
EB
WB
NB
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TABLE 8
Summary of Intersection Approach Observations 
Continued...
Dual Left Turn Lanes
76
Intersection Site Approach
Maryland Parkway/Flamingo Road NB
SB
EB
WB
Decatur Boulevard/Sahara Avenue NB
SB
EB
WB
Sahara Avenue/Rainbow Boulevard SB
WB
Decatur Boulevard/Meadows Lane SB
WB
Maryland Parkway/Desert Inn Road SB
WB
Sahara Avenue/Valley View Boulevard EB
WB
Flamingo Road/Pecos Road SB
WB
Las Vegas Boulevard/Tropicana Avenue NB
EB
WB
Pecos Road/Tropicana Avenue EB
WB
Decatur Boulevard/Charleston Boulevard NB
Sahara Avenue/Maryland Parkway NB
Charleston Boulevard/Rancho Road SB
Tropicana Avenue/Paradise Road SB
Flamingo Road/Paradise Road WB
Paradise Road/Desert Inn Road SB
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TABLE 8
Summary of Intersection Approach Observations 
Continued...
77
Intersection Site Approach
Maryland Parkway/Twain Avenue 
Flamingo Road/Valley View Boulevard 
Sahara Avenue/Eastern Avenue 
Eastern Avenue/Tropicana Avenue 
Russell Road/Eastern Avenue 
Sunset Road/Eastern Avenue 
Paradise Road/Twain Avenue
Triple Left Turn Lanes
Intersection Site 
Swenson Street/Tropicana Avenue 
Flamingo Road/Valley View Boulevard 
Tropicana Avenue/Las Vegas Boulevard
EB
WB
EB
NB
NB
EB
EB
Approach
NB
SB
NB
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TABLE 9
Level of Effort Required to Complete Data Collection
Task Average Person- 
Hours
Number Observed Total Estimated 
Hours
Single Left-Turn 
Lane Approach
2.0 26 52
Dual Left-Turn 
Lane Approaches 
Observations
3.5 36 + 126
Triple Left-Turn 
Lane Approaches 
Observations
4.0 3 12
Measurement of 
Intersection 
Geometric Factors
1.0 62 62
TOTAL 252*
+ 3 approaches at the same intersection were observed for wet and dry pavement
conditions.
* Does not include hours for intersections which were rejected from the data
base or time required to screen field data.
Data Reduction
The intersection approach saturation flow headways and intersection geometries were 
observed and recorded on field worksheets as illustrated in Appendix II. To reduce 
and summarize the field data, a computer spreadsheet base was prepared for single, 
dual and triple left-mm lane observations. The spreadsheet base was used as a 
computer entry form to process the field observations for further data analysis and
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
79
hypothesis testing. A separate spreadsheet was prepared to summarize the 
intersection approach geometries as presented in Appendix IV. The reduced data are 
provided in Appendix V. Figures 8 through 10 represent sample entry forms for 
saturation headway time observations from single, dual and triple left-turn lane 
approaches. These worksheet forms are similar to each other and provide the same 
data reduction. As seen on Figures 8a, 9a and 10a, the top of the worksheet 
provides the file name, intersection street names and approach direction. The date of 
the field observations is also entered. Beneath the title section are columns for 
saturation headway observations in seconds. The stopwatch field observation values 
between the fourth and eighth vehicles crossing the stop bar during the queue 
discharge were transferred from field data forms and entered under the appropriate 
left-turn lane or the adjacent through travel lane columns. The data spreadsheet 
provides an entry array for thirty-one (31) observation values that represent the 
random sample set for each approach lane. The number of observation entries were 
automatically counted and indicated as the "sample size" above each entry column.
At the bottom of the data entry worksheet (Figures 8a, 9a and 10a), the spreadsheet 
program calculates the average (sample mean) observed headway time. The observed 
headway values are searched for the maximum and minimum values contained within 
each time sample set. The next two values presented are the sample variance and 
standard deviation. The sample variance is a measure of the variability within the
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20
SAMPLE 
SIZE = 20
LEFT THRU
7.25 6.53
8.57 7.47
8.54 6.95
8.94 7.92
6.65 6.73
6.80 7.49
7.02 7.15
5.86 6.84
7.44 6.90
7.97 6.59
7.12 7.75
6.85 7.03
7.37 8.60
7.13 7.29
7.16 6.79
7.20 7.03
6.69 6.45
6.44 7.05
7.15 6.63
7.31 6.59
AVERAGE=
MAX = 
MIN =
7.27 SEC
8.94
5.86
STD DEVIATION = 0.745288 
VARIANCE = 0.555454
95% CONFIDENCE: 0.33 SEC
7.09 SEC
8.60
6.45
0.539687
0.291262
0.24 SEC
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INTERSECTION:
FIGURE 9a 
BASE2LT.XLS
EXAMPLE RD / ARTERIAL ST 
NORTHBOUND DATE: MM/DD/YY
SAMPLE 
SIZE = 20 20 20
INSIDE LT OUTSIDE LT THRU
7.71 6.72 8.94
7.97 5.94 7.44
8.34 6.94 6.37
8.10 6.88 6.28
8.34 6.47 8.00
8.25 8.15 7.19
9.15 8.34 7.69
9.28 6.03 6.44
7.82 7.94 6.21
7.04 7.03 7.07
8.43 6.57 6.82
8.39 7.17 8.30
7.28 7.57 7.83
9.34 7.77 8.03
8.75 7.23 6.42
7.46 8.53 8.12
7.69 7.65 7.34
8.50 6.28 6.68
7.15 6.85 6.41
9.03 6.14 8.52
AVG 8.20 SEC 7.11 SEC 7.31 SEC
MAX 9.34 8.53 8.94
MIN 7.04 5.94 6.21
STD DEV 0.693207 0.775642 0.839997
VAR 0.480536 0.601621 0.705595
95% CON 0.30 SEC 0.34 SEC 0.37 SEC
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FIGURE 10a
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8.44 8.68 7.28 9.15
7.94 7.33 8.82 9.83
7.63 8.43 6.94 9.02
8.53 6.36 7.73 8.92
6.99 6.84 7.28 7.94
6.79 8.42 5.81 9.67
7.08 6.87 8.00 8.25
7.58 8.51 7.24 8.64
7.73 6.28 7.94 10.85
7.40 7.38 7.33 8.22
8.45 8.94 8.07 7.55
7.78 7.65 6.62 7.57
7.19 8.21 7.17 8.87
5.64 7.11 8.71 9.23
8.63 7.34 7.38 7.85
7.89 7.66 7.95 8.81
MM/OO/YY
AVG 7.55 7.48 7.70 8.67
MAX 8.63 8.94 9.65 10.85
MIN 5.64 6.28 5.81 7.55
STD DEV 0.719219 0.834313 0.886785 0.859849
VAR 0.517277 0.696079 0.786388 0.739341
95% CON 0.32 0.37 0.39 0.38
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data set time values relative to the mean (average). The variance is defined by 
Equation 11.
Where:
Ë CXi-
s- = i = n
n - 1
n = sample size
X-, = Value i within the sample population
X  = Sample mean
s = Sample standard deviation
s~ = Sample variance
Equation 11
The standard deviation (5) for the sample is the positive square root of the sample 
variance.
The final calculation on the first page of the worksheet is a determination of the 95 
percent confidence interval, or sample error (e). The confidence interval is the range 
or error on either side of the average or mean value for the saturation headway times 
observed. The 95 percent confidence interval for the given sample size is determined 
from Equation 10, as discussed in Chapter 3. Sample size selection for each 
observed approach lane time measurement was based upon an acceptable error (e) of 
0.40± seconds. As shown in the example Figure 8a, the 95 percent confidence 
interval or error (e) was determined to be 0.33 seconds for the left-tum lane 
saturation flow headway observations. Similarly, the through-lane observations 
contained a 95 percent confidence error of 0.24+ seconds around the average (mean)
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time value of 7.09 seconds. Both of these error values are within the acceptable error 
range of 0 .40+ seconds.
From the known error of the data set, worksheet calculations are performed to 
determine the 95 percent confidence interval range for the headway time samples.
The subsequent calculations determine the individual average headway between the 
four vehicle headways observed for each time measurement and the resulting average 
saturation flow rate (vphgpl) determined by Equation 3. These values are presented 
at the top of Figures 8b, 9b and 10b.
The next worksheet calculation determines the left-turn factor (f^ T-) for the mean 
saturation flow rates. For multiple left-tum lanes, the left-tum factor is calculated for 
each lane for which an average value is determined. (See Figures 9b and 10b.)
Information on the observed left-turn lane operation is recorded on the worksheet. A 
"yes" or "no" indication is provided as to whether the left-tum lanes are operating 
simultaneously with opposing left-tum movements.
The last calculation performed on the data reduction worksheet provides a method for 
comparing the variance between the sets of saturation headway times. The F-Test 
provides a one-tailed probability that the variance in the left-tum lane measurements 
are NOT significantly different from the variance in the through-lane measurements.
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The F-Test probability provides an indication of the level of diversity among the sets 
of time observations between left-turn lane(s) and the adjacent through lane. These 
calculations supplement a visual comparison of the variances determined on the first 
page of the worksheet.
Following the results of the F-Test, graphical representations of the time headway 
distribution among the observations are presented in Figures 8b, 9c, 10b and 10c. 
This aids with conducting a quick check of the data for quality.
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CHAPTER 5 
DATA ANALYSIS
The data reduction described in Chapter 4 summarizes the field information collected 
during the course of this study. A total of 35 intersections were observed and 
summarized for each of the 62 individual intersection approaches. The collected 
saturation flow data contains a total of 3,662 time observations of four vehicles each, 
or a total number of 14,648 individual passenger cars. To analyze the collected 
saturation vehicle headway flow data and the resulting saturation flow rates, statistical 
evaluations were conducted. This Chapter presents the procedures used to analyze the 
field data and the respective results.
The first issue reviewed in this chapter deals with the sensitivity of the field data 
measurements as they relate to the calculated saturation flow rate and their use in 
applied engineering calculations. The following sections of this chapter address two 
general approaches used to evaluate and analyze the field data. The first approach 
evaluates the observed saturation flow headways on an individual intersection by 
intersection basis. The second group of evaluation techniques review the entire field 
data sets collectively based on intersection approach geometry. Both evaluation 
procedures (specific intersections and collective data review) have the objective to test
91
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the Null Hypotheses set forth for this study. The data analysis also reviews the 
saturation flows of heavy vehicles, wet pavement conditions and other conditions 
affecting saturation flow rates noted during the field collection effort.
Saturation Flow Rate Sensitivity
The relationship between saturation headway and saturation flow rate was discussed in 
Chapter 3, represented by Equation 3. Table 11 illustrates a numerical comparison 
of saturation headway to saturation flow rate for one vehicle and four vehicle 
headways. As can be noted from the tabular data, saturation flow rate values have an 
average numerical value change of about 50 vphgpl for every 0.2 second change in 
four vehicle headway.
In addition, due to the asymptotic relationship in which saturation flow rate 
approaches infinity as saturation headway time approaches zero, headway times 
decrease as the numeric value of saturation flow rate increases. It is important to 
recognize that relatively small changes in measured headways result in significant 
numeric value changes in saturation headway. Therefore relatively minor changes in 
driver behavior, roadway geometry, vehicle performance, or a host of other factors 
have the potential of significantly impacting the calculated observed saturation flow 
rate. The data collection effort observing 4 vehicles to determine average vehicle 
headways reduces potential human observation errors. Nevertheless, human time
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TABLE 11
9 3
SATURATION FLOW RATE VS 
SATURATION HEADWAY
1600 1700 1800 1900 2000 2100
SATURATION FLOW RATE (VPHGPL)
-1 VEHHW 
-4VEHHW
SATFLOW
(VPHGPL)
1 VEH 
HW
4 VEH 
HW
SATFLOW
(VPHGPL)
1 VEH 
HW
4 VEH 
HW
2000 1.80 7.20 1773 2.03 8.12
1989 1.81 7.24 1765 2.04 8.16
1978 1.82 7.28 1756 2.05 8.20
1967 1.83 7.32 1748 2.06 8.24
1957 1.84 7.36 1739 2.07 8.28
1946 1.85 7.40 1731 2.08 8.32
1935 1.86 7.44 1722 2.09 8.36
1925 1.87 7.48 1714 2.10 8.40
1915 1.88 7.52 1706 2.11 8.44
1905 1.89 7.56 1698 2.12 8.48
1895 1.90 7.60 1690 2.13 8.52
1885 1.91 7.64 1682 2.14 8.56
1875 1.92 7.68 1674 2.15 8.60
1865 1.93 7.72 1667 2.16 8.64
1856 1.94 7.76 1659 2.17 8.68
1846 1.95 7.80 1651 2.18 8.72
1837 1.96 7.84 1644 2.19 8.76
1827 1.97 7.88 1636 2.20 8.80
1818 1.98 7.92 1629 2.21 8.84
1809 1.99 7.96 1622 2.22 8.88
1800 2.00 8.00 1614 2.23 8.92
1791 2.01 8.04 1607 2.24 8.96
1782 2.02 8.08 1600 2.25 9.00
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measurement techniques may limit the degree of accuracy in computing saturation 
flow rates.
Individual Intersection Evaluation of 1994 HCM
Through-Lane Saturation Flows 
The objective of this evaluation is to test the observed through lane data for the 
acceptance of the ideal saturation flow (SJ specified on an individual intersection 
approach basis in the 1994 Highway Capacity Manual as 1900 pcphgpl. The 
following Null Hypothesis (H J as defined for this first test was evaluated:
Hq: "The ideal saturation flow rate, (SJ fo r  the Las Vegas 
Metropolitan Area is 1900 pcphgpl as recommended fo r  ideal conditions 
at signalized intersections. "
Assuming a normal distribution, testing for the acceptance of the Null Hypothesis 
implies that the observed data as collected on the through-lane approaches within the 
Las Vegas Metropolitan Area did not give sufficient evidence to reject the 
recommended 1994 HCM saturation flow rate value of 1900 pcphgpl. The decision 
criteria for acceptance of the Null Hypothesis was based on a level of significance a  
=  0.05. In other words, if the Null Hypothesis was found to be true, there was only 
a 5 % probability that the evaluation would have rejected it. This also means that
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there was a 95% probability that the true mean saturation flow rate of 1900 pcphgpl 
(Acceptance of the Null Hypothesis) was representative of the estimated mean 
determined from the intersection approach observations.
Accepting a saturation flow rate value of 1900 pcphgpl also implies acceptance of the 
associated saturation headway of 1.89 seconds. Thus, the observed headways 
between the 4th and 8th vehicles (a total of four headways) would be expected to have 
a true mean value (x) equal to 7.58 seconds. Since the observed values of saturation 
flow headways are expected to be in a range above and below this true value, a two- 
tailed test assuming a normal distribution with 95% confidence limits was used to test 
the acceptance of the Null Hypothesis for the data set from each individual 
intersection approach. This decision criterion is summarized in Figure 11.
The Decision Criterion of Figure 11 shows that for a normal distribution there was a 
95 percent confidence that an outcome would fall within 1.96 standard deviations of 
the mean. With the standard deviation of the sample population known, the 95 
percent confidence range of the estimated mean (x) was determined from Equation 10 
resulting in an expected value of 7.58 seconds ±0.40 seconds for a typical 20 
observations of an intersection approach. Therefore, the Null Hypothesis of 1900 
pcphgpl was considered accepted for observed sample mean saturation flow values (x) 
ranging within an acceptable error (e) from 1804 pcphgpl to 2005 pcphgpl, as shown 
in Figure 12.
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Each intersection approach observation was checked to determine if its mean value (x) 
fell within the error (e) range for acceptance of the Null Hypothesis (H„). The results 
of the individual intersection approach Null Hypothesis testing are summarized in 
Table 12.
TABLE 12 
Summary
Through Lane Null Hypothesis Testing 
So =  1900 pcphgpl
Individual Approaches Approach Geometry
All Thru
Single Left Dual Left Triple Left Lanes
Number of Approaches 23 36 3 62
Saturation Flow Grand Mean 1878 1893 1770 1882
(pcphgpl)
Number of Approaches at 
95% Confidence Level 15 18 1 33
Supporting
Percentage of Approaches 
Supporting H^
65.0% 50.0% 33.0% 53.2%
Number over range 3 9 0 12
Percentage 13.0% 25.0% 0.0% 19.4%
Number under range 5 9 2 17
1 Percentage 22.0% 25.0% 67.0% 27.4%
As can be seen in Table 12, with the exception of 2 of the 3 triple left turn through 
lane intersection approaches, a majority of the individual through lane intersection 
approaches support, with a 95 percent confidence level, the Null Hypothesis (a 
through lane saturation flow rate of 1900 pcphgpl). In total, 53 percent of the 62
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individual through lane approaches observed supported acceptance of a saturation flow 
rate of 1900 pcphgpl while 19 percent supported a higher and 27 percent a lower 
value. Thus, a total of about 73 percent (53.2% +  19.4%) of the through lane 
approaches observed would support the acceptance of a saturation flow rate of at least 
1900 pcphgpl.
To further review potential variations between individual through lane intersection 
approaches and the rejection of the Null Hypothesis on certain approaches, the 
average flow rate for each intersection through lane approach was plotted versus lane 
width. Figures 13 and 14 represent plots for saturation flow rate versus lane width 
for single and dual left turn lane approaches. The observed through lane saturation 
flow rates as plotted with a value of less than 1800 pcphgpl do not support the Null 
Hypothesis. However, these saturation flow rates were observed for through lane 
approach widths ranging from 11 feet to 13 feet while other similar intersection 
approaches with lane widths of 10 feet and wider support the Null Hypothesis. Thus, 
as seen on these two figures, approach lane widths do not appear to explain the 27 
percent rejection of the Null Hypothesis. If lane widths do not help explain the 
variations, especially when the saturation flows are below the lower bound of the 95 
percent confidence interval and if other key factors such as intersection geometry, 
roadway conditions and vehicle mix are relatively uniform across intersections, then 
driver behavior or other externalities may be the factors responsible for the variations.
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Figures 13 and 14 do suggest higher saturation flow rate values associated with lane 
widths over 12 feet.
In summary, based on the individual intersection approach evaluation, the Las Vegas 
Metropolitan Area data appear to support the 1994 Highway Capacity Manual 
recommended saturation flow rate value of 1900 pcphgpl for ideal through lane 
conditions.
Acceptance of 1994 HCM Left Turn Factor f^ T =  0.95 
In a manner similar to the analysis of the Null Hypothesis (H J for the through travel 
lane ideal saturation flow rate, the Null Hypothesis for the adjacent left turn lane was 
tested for acceptability of the ideal saturation flow rate. So, which is specified to be 
0.95 of the ideal lane value according to the 1994 Highway Capacity Manual. The 
Null Hypothesis as defined for this test is the following:
Hg: "The left turn saturation flow  rate(s) fo r  the Las Vegas Metropolitan
Area is 0.95 times (fu-= 0.95) the ideal saturation flow  rate at 
signalized intersections. "
Evaluation of the left turn lane Null Hypothesis (Hg) is dependent upon the results of 
the evaluation of the previous through travel lanes. Since the Null Hypothesis (Hg) 
for the through lane was accepted, supporting an ideal saturation flow rate value of
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1900 pcphgpl, the corresponding left-turn saturation flow rate for f^ T =  0.95 will be 
0.95 X 1900 =  1805 pcphgpl. The left turn lane Null Hypothesis shall therefore be 
accepted when there is 95 percent probability that the true mean left turn saturation 
flow rate is 1805 pcphgpl as represented by the estimated mean determined for each ' 
intersection approach observed (see Figure 15). The results of the left turn lane Null 
Hypothesis testing for each individual intersection approach are summarized in Table 
13.
As shown in Table 13, the Null Hypothesis (Hg) value of 1805 pcphgpl for the left 
turn lanes is supported by over 50 percent of the saturation flow observations for the 
single and dual left turn lanes, and by 100 percent of the inside and middle left turn 
lane observations for the triple left turn lane approaches. However, the Grand Mean 
Values indicate that a value greater than 1805 pcphgpl is supported by the large 
percentage of observed single and dual left turn lane approaches rejecting the Null 
Hypothesis Hg for a higher value.
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TABLE 13 
SUMMARY
LEFT TURN LANE NULL HYPOTHESIS TESTING 
S = 1805 pcphgpl
Approach Geometry
Individual Approaches Single Dual Triple
All Insidc/Outside 
Left Turn Lanes
Left Inside Outside Inside Middle Outside Inside Outside
Number of Approaches 23 36 36 3 3 3 62 39
Saturation Flow Grand Mean (pcphgpl) 1897 1868 1868 1825 1807 1765 1877 1859
Number of Approaches at 95% Confidence 
Level Supporting Hg
12 18 22 3 3 2 33 24
Percentages of Approaches supporting H„ 52% 50% 61% 100% 100% 67% 53% 61%
Number Over Range II 16 12 0 0 0 27 12
Percentage 48% 44% 33% 0% 0% 0% 44% 31%
Number Under Range 0 2 2 0 0 1 2 3
Percentage 0 6% 6% 0% 0% 33% 3% 8%
Number of Approaches at 95 % confidence 
level supporting a saturation flow >  1805 
pcphgpl
Number of Approaches 23 34 34 3 3 2 60 37
Percentage 100% 94% 94% 100% 100% 67% 97% 95%-------------
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If the Null Hypothesis value of 1805 is rejected for a higher value (such as the 
weighted mean value of 1875 pcphgpl as defined by Equation 12 for the data set of 
single and dual left turn lanes), then the 95 percent confidence level range evaluation 
produces the results shown in Table 14.
E Si Ui
S =   Equation 12
E ni
Where; S = weighted mean saturation flow rate (pcphgpl)
Si = mean saturation flow rate for lane group i (pcphgpl)
tti = number of approaches for lane group i
The 1875 pcphgpl saturation flow rate value would indicate a left turn factor of 0.98 
from Equation 4a (f^ T =  1875 pcphgpl/1900 pcphgpl =  0.987). For a value of 1875 
pcphgpl, the number of left turn intersection approaches supporting a higher value is 
22 percent and 17 percent respectively for single and dual left turn lane approaches. 
Conversely, 4 percent of the single left turn observations, and 28 percent and 25 
percent respectively of the dual left turn lane observations support a value lower than 
1875 pcphgpl.
In summary, based on an individual intersection review, the observed left turn 
saturation flows suggest a flow rate value greater than 1805 pcphgpl for single and 
dual left turn lane intersections. Accepting a higher value of 1875 pcphgpl suggests 
that the left turn factor 0.95 recommended by the 1994 Highway Capacity Manual
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may not be applicable to Las Vegas Metropolitan Area single and dual left turn 
intersections.
TABLE 14 
SUMMARY
SINGLE AND DUAL LEFT TURN LANE HYPOTHESIS TESTING
S = 1875 pcphgpl 
(Weighted Mean Value)
Approach Geometry
Individual Approaches Single Dual
Left Inside Outside
Number of Approaches 23 36 36
Samration Flow Grand Mean (pcphgpl) 1897 1868 1868
Number of Approaches at 95% Confidence 
Level Supporting H„
17 20 21
Percentage of Approaches Supporting Hg 74% 55% 58%
Number Over Range 5 6 6
Percentage 22% 17% 17%
Number Under Range 1 10 9
Percentage 4% 28% 25%
Influence of Intersection Characteristics 
Various data plots were prepared to evaluate whether or not intersection 
characteristics influenced the measured left mm lane samration headways for the 
individual intersections observed. The evaluation plots compared the observed mean 
samration flow rates against several key intersection geometric conditions as defined 
on Figure 3 and several key operational conditions. In selecting intersections for
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study, an attempt was made to hold these characteristics as consistent as possible 
among the intersection sites while still maintaining a reasonable number of 
intersection approaches for observation.
Figures 16, 17 and 18 represent comparisons of left mm approach lane widths to the 
observed left mrn samration flow rate for single, inside dual and outside dual left mrn 
lanes. As a result of the small number of triple left mrn lane approaches observed, 
these approaches were not plotted. After reviewing these plots, approach lane widths 
do not appear to have a meaningful or significant influence on the resulting saturation 
flow rates as suggested by the extremely small regression coefficient or coefficient of 
determination (R^) for each plot.
Another geometric variable that could influence left mm samration flow rates is the 
number of receiving lanes downstream of the single or dual left turn lanes. In 
general, it can be seen by reviewing Figures 19, 20 and 21 that the number of 
downstream receiving lanes did not significantly influence the observed samration 
flow rates for the left mm movements. However, the plot shown in Figure 19 for 
single left m m  lanes suggests that the samration flow rate may be higher when there 
are three or four receiving lanes. Figure 20 for the inside dual left-mm movement, 
however showed a tendency to have lower samration flow rates when there are two 
left mm lanes (dual lefts) mming simultaneously into three or four receiving lanes.
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Further study (beyond the scope of this research project) should be conducted to 
evaluate these initial findings. An important note to be made is that in the Las Vegas 
Metropolitan Area "cat track" or "skip lines" are not generally provided as dual left 
turn lane guidance through major intersections. The observed trends shown in Figure 
20 may have been influenced by this regional design policy.
Left turn radii at intersections could also influence saturation flow rates. Therefore, 
plots of estimated inside left turn intersection radii versus observed saturation flow 
rates were prepared for single left turn movements and for the inside left turn 
movements at dual left turn lanes. The resulting plots are contained in Figures 22 
and 23. Reviewing the two figures and the extremely small coefficients of 
determination (R^) strongly suggest that the left turn radii ranging from 30 feet to 70 
feet do not significantly influence the saturation flow rate being evaluated. These 
findings may have been influenced by a local design policy that generally requires 
intersection designs to accommodate WB-50 truck turning paths within left turn 
movements. This design policy allows for greater comfort for passenger car drivers 
making left turn maneuvers.
Previous research (ITE 1993) has suggested that the left turn bay length could 
influence the downstream left turn saturation flow rate and resulting left turn factor 
calculations.
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Plots of single left turn lane saturation flow rates versus bay lengths are shown in 
Figure 24. Similarly, the inside dual left turn lane saturation flow rates were plotted 
against storage bay lengths in Figure 25. Upon reviewing these plots and the 
resulting coefficients of determination (R’), it does not appear that the observed 
saturation flow rates were influenced by the left turn storage bay lengths as provided 
at the selected intersection approaches that were studied.
Driveways located downstream of left turn lanes can influence the flow of traffic 
turning at an intersection. To evaluate the effect this factor may have had on the 
observed intersection approaches, single left turn and outside dual left turn lane 
saturation flow rates were plotted against the distance to the beginning of the first 
downstream driveway. These plots are shown in Figures 26 and 27, and indicate that 
the observed saturation flow rate data sets do not appear to be significantly influenced 
by the distance to the nearest downstream driveway. For ideal conditions (HCM 
1994), a downstream driveway should be at least 250 feet downstream so that 
intersection operations are not influenced. Upon examining Figure 26, one can find 
three intersection observations that could have been influenced by downstream 
driveway locations. These intersections are westbound Flamingo Road at Paradise 
Road (1679 pcphgpl), westbound Spring Mountain Road at Valley View Boulevard 
(1761 pcphgpl) and eastbound Flamingo Road at Las Vegas Boulevard (1774 
pcphgpl). However, it is to be noted that many intersections that had downstream 
driveways closer than 250 feet showed saturation flow rates greater than 1805
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pcphgpl. The small coefficient of determination (R-) value for each plot also suggest 
that there is no significant relationship between the distance to the nearest downstream 
driveway and the observed saturation flow rate.
Of the 10 independent geometric factors previously studied (ITE 1993) for multiple 
left turn lanes, the minimum distance between concurrently opposing left turn lane 
flows showed the most consistent relationship with saturation flow rates. As shown in 
Table 15, for the 62 observed intersection approaches, 28 operated with concurrent 
left turn movements.
TABLE 15
Observed Concurrent Left Turn Approaches
Approach
Geometry
Concurrent Lefts Total
No Yes
Single 8 15 23
Dual 25 11 36
Triple 1 2 3
Total 34 y 28 62
Figures 28, 29 and 30 represent plots of left turn saturation flow rates versus turning 
operations with and without opposing concurrent left turn movements for all single 
and dual left turn approaches. As can be seen on these plots, the observed left turn 
saturation flow rates do not appear to be significantly influenced by concurrent left 
turn movements. The single left-tum movements (Figure 28) actually showed a
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higher mean saturation flow rate for opposing concurrent left-turn movements 
compared to observations without this conflict.
Further examination of concurrent left turn movements was conducted by plotting 
observed concurrent left mrn approach saturation flow rates against the field estimated 
distance between opposing left turn flows. (See dimension "d" on Figure 3.) Figure 
31 represents this comparison for single left turn lane approaches, while Figure 32 
plots the same comparison for dual left turn lanes. Visual inspection of Figure 31 for 
single left-turn lanes suggests a general trend for higher saturation flow rates with 
larger clear distances. However, the coefficient of determination (R^) for this plot 
(Figure 31) as well as Figure 32 are extremely small and do not support a linear 
relationship.
Comparison Between Through Lanes and Left Turn Lanes 
With the completion of the Null Hypothesis testing by individual intersection 
approaches, a comparison was conducted to further examine if differences exist 
between the observed saturation flow rate for the through lane of an intersection 
approach and the adjacent protected left turn geometry.
Attempts to identify whether or not the left turn saturation flow rates were related to 
the adjacent through lanes were made by preparing correlation plots to evaluate left 
turn factors for each geometric intersection approach. An evaluation of the left turn
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LEFT TURN SATURATION FLOW RATE
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factor for each approach proves to be interesting since this review removes many 
geometric and observation biases from consideration. Comparing observed saturation 
flow rates in terms of a left turn factor on an individual intersection basis eliminates 
biases that may have been introduced by various data collectors and removes several 
geometric factors from potential influence. These factors include roadway approach 
grades and lane widths if the through lane and left turn lane widths are similar in 
width.
As seen in Table 16, when intersection approach saturation flow rates are directly 
compared with each other in terms of a left turn factor on an individual approach by 
approach basis, a left turn factor of 1.0 is suggested. A summary of approach 
through lane saturation flow rates versus adjacent left turn lane saturation flow rates is 
shown in the plot given in Figure 33. The scatter plot represents individual left turn 
approach lanes when compared to the adjacent through lane on the same intersection 
approach.
The 45 degree line drawn through the data set shown on Figure 33 represents a one 
to one relationship (slope =  1.00) between left turn lane and through lane saturation 
flow rates. All points falling above this line on the plot represent situations where the 
observed left turn saturation flow rate is greater than the observed through movement. 
Conversely, all points below thé line are approaches where the left turn saturation 
flow rate is less than the adjacent through lane.
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SUMMARY OF LEFT TURN FACTOR EVALUATIONS
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Item Single
Dual Triple
Inside Outside Average Inside Middle Outside Average
Sample Size 23 36 3
Grand Mean 1.01 0.99 0.99 0.99 1.03 1.02 1.00 1.02
Standard Dev. 0.052174 0.076901 0.068932 0.069178 0.071032 0.084463 0.081451 0.076620
95% Conf. 
Interval
0.02 0.02 0.02 0.02 0.08 0.10 0.09 0.09
Range 0.99-1.03 0.97-1.01 0.97-1.01 0.97-1.01 0.95-1.11 0.92-1.12 0.91-1.09 0.93-1.11
&
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FIGURE 33
SATURATION FLOW RATE LEFT TURN LANE VS THRU LANE
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SINGLE LEFT 23 992.7896 0.527989 0.254200
INSIDE DUAL LT 36 1207.830 0.346556 0.120871
OUTSIDE DUAL LT 36 1109.496 0.437052 0.175057
TOTAL 95 1146.564 0.385521 0.154589
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A point of interest is the number of observations with left turn lane saturation flow 
rates significantly higher than the adjacent through lanes (left turn factors significantly 
larger than 1.0). Upon further examination of these unexpected findings, field 
observers reported that through lane drivers became inattentive resulting in headway 
lags. It was found through additional field observations that, in many locations, there 
was a general lack of aggressive driving in the through lanes when compared to the 
adjacent left-tum lane for the same intersection approach. This driver behavior was 
attributed to the relatively long cycle lengths used in the Las Vegas Metropolitan Area 
(120 to 160 seconds). It would appear that drivers making a left turn have been 
conditioned to recognize the shorter allocation of green time that generally allows for 
only 8 to 10 vehicles through each left turn phase. However, the allocation of green 
time to the adjacent through movements on the major arterial streets is significantly 
longer to maintain arterial progression. Consequently, drivers within the through lane 
queue do not appear to demonstrate the same aggressive driver behavior that is 
exhibited when they are in a left-tum lane. The through movement green time is 
significantly longer and allows a much longer queue length to clear. These 
observations suggest that saturation flow rates may be more significantly influenced 
by signal cycle length and green time allocation than by intersection geometric 
factors. Additional study to compare the findings of this study with those of 
communities with shorter cycle lengths may yield significant findings with regard to 
driver behavior and its influence upon saturation flow rates.
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Lane Group Saturation Flow Rate Evaluation
Description of Lane Group Subpopulations 
Collective lane group statistical testing was completed to further evaluate the observed 
saturation flow rate data used to test the Null Hypothesis set forth in this study. Nine 
(9) lane groups were identified for evaluation as defined in Figure 34. Statistical 
testing and Analysis of Variance (ANOVA) of lane groups were performed using the 
statistical software program SPSS (Statistical Package for the Social Sciences) for 
Windows Release 6.1 and appropriate statistical references. (Noiusis 1993, Walpole 
1989, Kohler 1988, Ott 1984.)
The entire data base of saturation flow headway time samples collected for this study 
consists of 3,662 observations. Each of these time samples represents the average 
saturation headway for 4 vehicles collected between the 4th and 8th vehicles in the 
queue discharge. The statistical characteristics for each of the nine lane group 
subpopulations studied are summarized in Table 17. Figures 35 through 43 provide 
descriptive statistics of each of the nine lane groups. In the upper left of each figure 
is a probability histogram and a continuous probability distribution for the lane group 
saturation headway times. Below the histogram are several bar charts. The first 
chart illustrates the interquartile range between the first and third quartiles and 
outlying points. The second group of bar charts are at a larger scale showing a visual 
comparison of the 95 percent confidence interval for the mean (Mu) and for the
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FIGURE 34
SATURATION FLOW RATE 
EVALUATION LANE GROUPS
APPROACH GEOMETRY LEFT TURN LANE THROUGH LANE
SINGLE LEFT 1 1
LANE GROUP NUMBER 1 2
DUAL LEFT t
LANE GROUP NUMBER 3 4 5
TRIPLE LEFT 1 1 1 t
LANE GROUP NUMBER 6 7 8 9
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TABLE 17 
LANE GROUP SUBPOPULATIONS
Lane
Group
Lane Approach Mean
(seconds)
Standard
Dev.
Cases
n
1 Single left 7.5997 0.9181 516
2 Single left through 7.6712 0.9935 511
3 Dual left inside 7.7047 1.0156 784
4 Dual left outside 7.7132 0.9736 782
5 Dual left through 7.5647 1.0002 795
6 Triple left inside 7.8892 0.7549 63
7 Triple left middle 7.9603 0.9401 69
8 Triple left outside 8.1192 1.0583 72
9 Triple left through 8.2027 1.0248 70
Entire population 7.6823 0.9894 3662
sample median. To the right of the lane group statistical plots is a listing of key 
descriptive statistics for the lane group population. These values include;
• A-Squared (normality test)
The Anderson-Darling Normality Test is a measure of the probability 
distribution for the observed lane group population to a normal probability 
distribution. This value is followed by the test P-value indicating the lowest 
level of significance.
•  Mean
The sum of the observed headways divided by the total number of observations 
within the lane group population. The term "average" usually refers to the 
mean of a population.
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FIGURE 35
DESCRIPTIVE STATISTICS
LANE GROUP I
137
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95% Confidence Interval for Median
Variable; Time
Group: 1
Anderson-Dariing Normality Test
A-Squared: 1.190
p-value: 0.004
Mean 7.600
Std Dev 0.918
Variance 0.843
Skewness 0.241
Kurtosis 0.299
n of data 516.000
Minimum 4.440
IstQuartile 6.940
Median 7.505
3rd Quartile 8.150
Maximum 10.570
95% Confidence Interval for Mu 
7.520 7.679
95% Confidence Interval for Sigma 
0.865 0.978
95% Confidence interval for Median 
7.420 7.627
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
FIGURE 36
DESCRIPTIVE STATISTICS
LANE GROUP 2
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95% Confidence Interval for Median
Variable: Time
Group: 2
Anderson-Dariing Normality Test
A-Squared: 1.404
p-value: 0.001
Mean 7.671
Std Dev 0.993
Variance 0.987
Skewness 0.353
Kurtosis -0.009
n of data 511.000
Minimum 4.970
1st Quartile 7.010
Median 7.560
3rd Quartile 8.330
Maximum 10.780
95% Confidence Interval for Mu 
7.585 7.758
95% Confidence Interval for Sigma 
0.936 1.058
95% Confidence Interval for Median 
7.489 7.670
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
139
FIGURE 37
DESCRIPTIVE STATISTICS
LANE GROUP 3
ence Interval for Median
Variable: Time
Group: 3
Anderson-Dariing Normality Test
A-Squared: 1.975
p-value: 0.000
Mean 7.705
Std Dev 1.016
Variance 1.032
Skewness 0.895
Kurtosis 4.148
n of data 784.000
Minimum 5.050
1st Quartile 7.010
Median 7.675
3rd Quartile 8.320
Maximum 15.100
95% Confidence Interval for Mu 
7.634 7.776
95% Confidence Interval for Sigma 
0.968 1.069
95% Confidence Interval for Median 
7.560 7.749
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FIGURE 38
DESCRIPTIVE STATISTICS
LANE GROUP 4
IrîW;
tï ï 'r :  StAài-ICtji
95% Confidence Interval for Median
Variable: Time
Group: 4
Anderson-Dariing Normality Test
A-Squared: 0.418
p-value: 0.328
Mean 7.713
Std Dev 0.974
Variance 0.948
Skewness 0.069
Kurtosis 0.012
n of data 782.000
Minimum 4.060
1st Quartile 7.050
Median 7.685
3rd Quartile 8.372
Maximum 10.630
95% Confidence Interval for Mu 
7.645 7.782
95% Confidence Interval for Sigma 
0.928 1.024
95% Confidence Interval for Median 
7.600 7.780
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FIGURE 39
DESCRIPTIVE STATISTICS
LANE GROUP 5
Variable: Time
Group: S
Anderson-Dariing Nonnality Test
A-Squared: 6.075
p-value: 0.000
Mean 7.565
Std Dev 1.000
Variance 1.000
Skewness 0.832
Kurtosis 1.647
n of data 795.000
Minimum 4.970
1st Quartile 6.850
Median 7.470
3rd Quartile 8.120
Maximum 13.080
9'5%"Ccnfidence Interval for Median
95% Confidence Interval for Mu 
7.495 7.634
95% Confidence Interval for Sigma 
0.953 1.052
95% Confidence Interval for Median 
7.400 7.530
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FIGURE 40
DESCRIPTIVE STATISTICS
LANE GROUP 6
7 9 11 13
I I I I
iiàWKWI
Variable; Time
Group: 6
Anderson-Dariing Normality Test
A-Squared: 0.4357
p-value: 0.2899
Mean 7.8892
Std Dev 0.7549
Variance 0.5699
Skewness 0.0004
Kurtosis 0.0673
n of data 63.0000
Minimum 5.6400
IstQuartile 7.3100
Median 7.7800
3rd Quartile 8.4500
Maximum 9.5300
95% Confidence Interval for Median
95% Confidence Interval for Mu 
7.6991 8.0793
95% Confidence Interval for Sigma 
0.6423 0.9158
95% Confidence Interval for Median 
7.5900 8.0647
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FIGURE 41
DESCRIPTIVE STATISTICS
LANE GROUP 7
P
95% Confidence interval for Median
Variable: Time
Group: 7
Anderson-Dariing Normality Test
A-Squared: 0.4948
p-value: 0.2082
Mean 7.9603
Std Dev 0.9401
Variance 0.8837
Skewness 0.5714
Kurtosis 0.2269
n of data 69.0000
Minimum 6.2800
1st Quartile 7.3600
Median 7.7700
3rd Quartile 8.6900
Maximum 10.9900
95% Confidence Interval for Mu 
7.7345 8.1861
95% Confidence Interval for Sigma 
0.8052 1.1296
95% Confidence interval for Median 
7.5978 8.0678
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FIGURE 42
DESCRIPTIVE STATISTICS
LANE GROUP 8
5 7 9 11 13 15
WÊIÊÊÊÊÊÊÊÊÊÊÊÊÊÊÊM
Variable; Time
Group: 8
95%Confidence Interval for Median
Anderson-Dariing Normality Test
A-Squared: 0.7125
p-value: 0.0603
Mean 8.1192
Std Dev 1.0583
Variance 1.1199
Skewness 0.3879
Kurtosis -0.4595
n of data 72.0000
Minimum 5.8100
IstQuartile 7.3400
Median 7.9450
3rd Quartile 8.9325
Maximum 10.7000
95% Confidence Interval for Mu
7.8705 8.3678
95% Confidence Interval for Sigma
0.9092 1.2662
95% Confidence Interval for Median
7.6422 8.3268
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FIGURE 43
DESCRIPTIVE STATISTICS
LANE GROUP 9
7.7 7.8 7 .9  8,0 8.1 8.2 8.3 8.4 8.5 8.6
Variable; Time
Group; 9
Anderson-Dariing Normality Test
A-Squared: 0.5137
p-value: 0.1869
Mean 8.2027
Std Dev 1.0248
Variance 1.0502
Skewness 0.3641
Kurtosis -0.4766
n of data 70.0000
Minimum 6.3400
IstQuartile 7.5000
Median 7.9850
3rd Quartile 8.8425
Maximum 10.8500
95% Confidence Interval for Median
95% Confidence Interval for Mu 
7.9584 8.4471
95% Confidence Interval for Sigma 
0.8787 1.2297
95% Confidence Interval for Median 
7.7176 8.5483
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• Standard Deviation
A measure of how much values vary or deviate from the mean value. The 
positive square root of the variance of the observed headways.
• Variance
A value determined by the squared deviations from the mean for each 
observed headway value divided by the total number of observations minus 1.
• Skewness
Pearson’s coefficient of skewness is a measure of the degree of distortion of 
the probability distribution from horizontal symmetry. A symmetrical 
distribution or bell-shaped normal distribution has zero skewness as the mean, 
median and mode are all equal. The skewness coefficient focuses on the 
differences between the mode and the mean and then relates this difference to 
the standard deviation.
•  Kurtosis
The coefficient of kurtosis is a measure of the degree of peakedness of the 
probability distribution for the observed lane group population. Both the 
coefficient of skewness and kurtosis can be used to compare the probability 
distribution among the various lane group populations.
• Number of Measurements
The total number of headway observations made for each lane group condition.
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
147
• Minimum and Maximum
The minimum and maximum observed headway value within the lane group 
population of measurements.
• First Quartile, Median and Third Quartile
The quartiles divide the total number of observations within a lane group 
population into four quarters, each containing 25 percent of the total number 
of observations. The interfractile ranges of the first quartile (or 25%), the 
second quarter (50% or median value) and the third quartile (or 75%) provide 
a measure of the dispersion of the probability distribution for the observed lane 
group population.
• 95% Confidence Intervals
For comparison purposes, the 95 percent confidence interval is calculated for 
both the mean (Mu) and the median. The 95 percent confidence interval is 
also evaluated for sigma (<r), the standard deviation of the probability 
distribution.
Analysis of Variance
A very conunon procedure used to deal with the testing of populations is an Analysis 
of Variance, A one-way Analysis of Variance was conducted between the nine lane 
groups (Walpole 1989). This evaluation (summarized in Table 18) indicates that not 
all nine population means are identical among the lane group populations. The
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population groups are statistically different, as demonstrated by the computed F-ratio 
having an F probability of less than 0.01.
The F-statistic assumes normality exists among the lane group populations. The Non- 
parametric Kruskal-Wallis one-way ANOVA Test was applied (Walpole 1989, pg.
630) to evaluate the lane group populations so as to avoid the normality assumption. 
This test determines whether or not the lane group populations are from the same 
identical population by testing the null hypothesis (H J that k independent samples are 
from identical populations. As shown in Table 19, the results of this test also support 
the conclusion that the nine-lane group populations are not from the same general 
population.
Although the lane groups are considered to be statistically different for the entire 
population sample, the degree of variance among each lane group and its meaning as 
it applies to traffic operations requires additional evaluation.
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TABLE 18 
ONE-WAY ANALYSIS OF VARIANCE 
TABULAR SUMMARIZATION FORM
For H„; x, = x, = Xj = ... Xy
H,: At least two of the means are not equal
a  =  0.01
Source of 
Variation
Degrees of 
Freedom
Sum of 
Squares
Mean
Square
F Ratio 
Computed
Treatments V , = k-1 SSA V  -  “. 1 s . ^
Error V t = k(n-l) SSE
Sz
Total nk-1 SST
Critical Region: Fq.oi > 2 . 5 1  with v, =  8 and v, =  3661 degrees of freedom
where: SST =  Total sum of squares
SSA = Treatment of sum of squares
SSE = Error sum of squares
Treatment = Various classifications or lane groups
Lane Group Degrees of 
Freedom
Sum of 
Squares
Mean of 
Squares
F Ratio 
(Computed)
F
Probability
Between
Groups
8 56.4418 7.0552 — —
Error Within 
Groups
3653 3527.1095 0.9655 — —
Total Sample 3661 3583.5513 — — —
7.3070 0.0000
SPSS Windows 6.1
Conclusion: Since the F probability is smaller than 0.01 for the computed F-Ratio,
reject Ho and conclude the mean headways are not equal.
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SPSS Windows 6.1
TABLE 19 
KRUSKAL-WALLIS ONE-WAY 
ANALYSIS OF VARIANCE
Lane Group Mean Rank Cases
1 1754.70 516
2 1818.81 511
3 1856.60 784
4 1890.43 782
5 1674.31 795
6 2123.84 63
7 2127.70 69
8 2250.34 72
9 2350.14 70
3662
Chi Square Degrees of Freedom Significance
61.6179 8 0.000
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Multiple Range Test
In order to obtain a better understanding of the range of differences among the lane 
group means, a Duncan Test and a Modified Least Significant Difference (LSD) 
Bonferroni Test were conducted (Walpole 1989). The tests provide a multiple 
comparison procedure for obtaining all pairwise comparisons among the lane group 
sample means. These tests were performed using a significance level of 0.05.
The two test procedures rank the lane group means from lowest to highest. The 
procedures are based on the generalized least significant studentized range. The 
selected error range for the Duncan and Modified LSD tests determine the value of 
exceedance before a lane group mean is found to be significantly different. The 
Duncan Test is based on a step range of error that increases as the number of sample 
means included in the comparison increase. While the Modified LSD Test is based 
on a single range value for all mean comparisons. Table 20 summarizes the results 
of these two tests, where the lane group means demonstrating the most significant 
differences (greater than the error range) are indicated by an "x" in the associated 
lane group column and row. As illustrated in Table 20, the tests generally indicate 
that lane groups 6 through 9 (the triple left-mm lane approaches) are significantly 
different in a pairwise comparison from the other group means.
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TABLE 20 
MULTIPLE RANGE TESTS
Duncan Test 
a  = .05
Step 2 
Range 2 J 8
3
2.92
4
3.01
5
3.08
6
3.14
7
3.20
8
3.24
9
3.27
Mean Group 5 1 2 3 4 6 7 8 9
7.5647 5
7.5997 1
7.6712 2
7.7047 3 X
7.7132 4 X
7.8892 6 X X
7.9603 7 X X X
8.1192 8 X X X X X
8.2027 9 X X X X X
SPSS Windows 6.1
Modified LSD (Bonferroni) Test 
a  =  .05 Range 4.52
Group 5 1 2 3 4 6 7 8 9
7.5647 5
7.5997 1
7.6712 2
7.7047 3
7.7132 4
7.8892 6
7.9603 7 X
8.1192 8 X X X X X
8.2027 9 X X X X X
SPSS Windows 6.1
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Pairwise Comparisons 
Fisher and Tukey tests (Walpole 1989) were applied to further evaluate pairwise 
comparison differences among the lane group population means. The purpose of 
these tests is to identify which lane group population means are equal and which are ■ 
different. The tests use a confidence interval approach of paired comparisons (or 
contrast). Therefore, if the interval contains zero the contrast is not significant. In 
other words, the test does not find a significant difference between the means of the 
aggregated pairs of lane groups. Tables 21 and 22 summarize the one-way ANOVA 
aggregated pairwise comparisons (Lane Group Rows and Columns). The lane group 
pairs that were found to be significantly different are shaded within the tables.
Table 23 compares and summarizes the results of the Fisher and Tukey Pairwise 
comparison tests. The results of these two test procedures are very similar, except 
that the Tukey Test did not detect a difference in nine pairs where the Fisher Test 
indicated a significant difference in the means. These pairs are shaded in Table 23. 
Even though these pairs may be considered to be statistically different, the numerical 
difference may not be significant when the results are applied to traffic operations.
For example, both the Fisher and Tukey tests indicate that the means for lane groups 
5 and 9 are significantly different, and that this pair has the greatest difference. The 
lane groups correspond to the through lanes for the dual left-tum and triple left-tum 
lane configurations. The respective means are 7.56 seconds and 8.20 seconds 
respectively. These values represent the headways between four vehicles. Therefore,
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FISHER’S PAIRWISE COMPARISONS
Intervals for (Column Level Mean) - (Row level Mean)
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Lane
Group 1 2 3 4 5 6 7 8
2 -0.19170.0488
3 -0.21420.0042
-0.1431
0.0760
4 -0.2228-0.0042
-0.1516
0.0678
-0.1059
0.0889
5 -0.07390.1440
-0.0028
0.2158
0.0430
0.2370
0 0515
i i i l i i i i
6 -0.5466-0.0323
-0.4753
0.0393
-0.4368
0.0679
-0.4283
0.0764
-0.5767
-0.0723
7 -0.6075-0-1135
-0 5362 
-0.0419
-0.4975
-0.0136
-0.4891
-0,0051
-0.6374
-0.1537
-0.4069
0.2647
8 -0.7618-0.2770
-0.6905
-0.2054
-0.6517
-0.1771
-0 6433 
-0.1686
-0.7916
-0.3173
-0.5624
0.1025
-0.4835
0.1657
9 -0.8484-0.3575
-0 7771 
-0.2859
-0.7384
-0.2576
-0.7299 
-0 2491
-0.8782 
-0 3978
-0.6481
0.0211
-0.5693
0.0845
-0.4070
0.2399
Family Error Rate 
Individual Error Rate
0.571 Critical Value =  1.961
0.050 Pooled Standard Dev. =  0.9826
SPSS Windows 6.1
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TUKEY’S PAIRWISE COMPARISONS
Intervals for (Column Level Mean) - (Row level Mean)
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Lane
Group I 2 3 4 5 6 7 8
2 -0.26180.1189
3 -0.27790.0679
-0.2069
0.1399
4 -0.28650.0595
-0.2155
0.1315
-0.1626
0.1457
5 -0.13740.2075
-0.0665
0.2794
-0.0135
0.2935
-0.0051
0.3021
6 -0.69650.1176
-0.6253
0.1893
-0.5839
0.2150
-0.5755
0.2235
-0.7237
0.0747
7 -0.75150.0304
-0.6803
0.1021
-0.6386
0.1275
-0.6301
0.1360
-0.7784
^.0128
-0.6026
0.4604
8 -0.9032-0.1357
-0.8319
-0.0640
-0.7901
-0.0388
-0.7816 
-0 0303
-0.9298
-0.1791
-0.7562
0.2963
-0.6727
0.3550
9 -0.9915-0.2145
-0.9202
-0.1428
-0 8785 
-0.1175
-0.8700 
-0 1090
-1.0183
-0.2577
-0.8432
0.2162
-0.7599
0.2750
-0.5955
0.4284
Family Error Rate 
Individual Error Rate
0.050 Critical Value =  4.39
0.00194 Pooled Standard Dev. =  0.9826
SPSS Windows 6.1
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TABLE 23
FISHER/TUKEY RESULT COMPARISON
Lane
1 2 3 4 5 6 7 8
Group F T F T F T F T F T F T F T F T
2 S S
3 S S S S
4 D s S S S S
5 S s S S D S D
6 W | s S S S S S s i P | f i l l
7 D s D D D S S
8 D D D D D D D D D D S S S S
9 D D D D D D D D D D S S S S S S
F - Fisher Test 
T - Tukey Test
S - Means are significantly similar 
D - Means are significantly different
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the average headway between successive vehicles would be 1.89 seconds and 2.05 
seconds respectively. This constitutes a difference of 0.16 seconds. The key 
significance, if there were one, would be that the corresponding saturation flow rates 
would be 1905 vphgpl and 1756 vphgpl. However, in practical terms one might 
question the ability of an individual to accurately recognize and measure such a small 
time interval. Thus, it is possible that the observed difference in the lane group 
means may be significantly influenced by the limits of the observers’ capabilities and 
differences among the capabilities of observers.
The pairwise comparison tests indicate that through lane groups 2 and 5 are 
significantly similar. This was not an unexpected finding, lane groups 2 and 5 were 
not expected to be different since they represent the same approach movement with 
the only exception being that one is adjacent to a single left-turn lane while the other 
is adjacent to dual left-turn lanes. However, lane group 9, the through lane adjacent 
to triple left-tum movements, was shown to be significantly different from both 
through lane groups 2 and 5, which was an unexpected result. A difference in 
through movements simply because they occur adjacent to triple left-tum lanes was 
not expected. Further examination into the geometric and operational conditions of 
the three triple left-tum sites indicates that a lower observed through lane and left-tum 
lane saturation flow rate could be the result of the following factors:
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• The southbound through movement at the intersection of Flamingo Road and 
Valley View Boulevard merges from two through lanes into one lane 
immediately downstream of the intersection. The immediate downstream lane 
reduction may have influenced and reduced the observed through movement 
saturation flow rate. This translates to an increase in the observed headways.
• The northbound through movement at the intersection of Paradise Road and 
Tropicana Avenue occurs at an intersection departing from McCarran Airport 
in which a large percentage of the traffic is composed of non-local drivers just 
arriving in Las Vegas. The outer triple left-turn lane at this intersection is a 
shared lane for through movements and left-mm movements. The observed 
through movement occurs next to this shared lane. The approach lanes are 
also within a 15 mph school speed zone, which was in force during the field 
observations. The combination of these factors could have influenced the 
samration flow measurements, resulting in lower samration flow rates for both 
the through and left-mm movements corresponding with higher observed 
headways.
• The intersection of Las Vegas Boulevard and Tropicana Avenue is on the 
south end of the Las Vegas "Strip". Northbound through movements at this 
intersection pass by major hotel and casino resorts. The distraction of viewing 
these major resort hotel and casino buildings by drivers in conjunction with the
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influences of a long signal cycle length (as discussed previously) may have 
influenced the driver behavior at this intersection, and resulted in lower 
observed saturation flow rates.
Another factor influencing the saturation headway observations for triple left-turn 
factors in this study are the number of observations and approaches studied. As seen 
in Table 17, the triple left-turn lane approaches of lane groups 6, 7, 8 and 9 have, on 
the average, 70 observations from three approaches as compared to approximately 500 
and 780 observations, respectively, for 23 single and 36 dual left turn approaches.
Of special interest is the number of lane group pairs that are significantly similar to 
each other. A review of Table 23 indicates that the triple left-tum lane groups 6, 7,
8 and 9 are all significantly similar to each other.
In addition, lane group 1 for single left-tum movements is significantly similar to the 
adjacent through movements of lane groups 2 and 5. These similarities suggest a 
left-tum factor of 1.0. However, for dual lefts, even though lane groups 3 and 4 are 
similar, they were both found to be different from lane group 5 per the Fisher 
pairwise test. This finding suggests a left-tum factor that is not equal to 1.0. On the 
other hand, the Tukey pairwise test indicates that lane groups 3, 4 and 5 are similar, 
again suggesting a left-mm factor of 1.0. Similarities also exist among the left-tum 
lane groups. All these cross similarities between lane groups ftirther support the
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concept that a common saturation headway and flow rate statistically exists among 
single and dual left-turn and through approach lanes.
Lane Group Testing of 1994 HCM
Through-Lane Saturation Flows 
The objective of this evaluation is similar to the earlier one in this chapter for each 
individual intersection. Lane groups 2, 5 and 9 are to be evaluated for support of the 
Null Hypothesis (H„) as defined:
(Ho): "The ideal saturation flow  rate {So) for the Las Vegas 
Metropolitan Area is 1900 pcphgpl as recommended fo r  ideal conditions 
at signalized intersections. "
Figure 44 was prepared by plotting the individual lane group 95 percent confidence 
level for all lane groups. This plot is based on the pooled Standard Deviation from 
the nine lane groups.
As seen on Figure 44, the range of lane group 2 (single left adjacent through lane) 
falls slightly below the ideal of 1900 pcphgpl, or a four vehicle samration headway 
value of 7.58 seconds. The minimum range value of lane group 2 is numerically 
7.586 seconds, or 1898 pcphgpl, with a mean value of 7.67 seconds or 1877 pcphgpl. 
Lane group 5, which represents the adjacent through lane to dual left mm lane
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approaches, has a mean value of 7,565 seconds, or 1903 pcphgpl, which fully 
supports an ideal saturation flow rate of 1900 pcphgpl. If the data collected for lane 
groups 2 and 5 had been combined for analysis, a saturation flow rate value of 1900 
pcphgpl would have been supported by the total through lane data base. As 
previously discussed within the Pairwise Comparison Section, lane group 9 (triple left 
adjacent through lane) does not support a value of 1900 pcphgpl.
Based on these findings, lane groups 2 and 5 are considered to support the Null 
Hypothesis, and the ideal saturation flow rate (SJ for the Las Vegas Metropolitan 
Area should be accepted as 1900 pcphgpl, as recommended by the 1994 HCM.
Left Turn Factor f^ T =  0.95 
The second Null Hypothesis evaluation addresses left-tum travel lanes. The 
evaluations conducted within this section test the following Null Hypothesis for each 
of the left-tum lane groups (1, 3, 4, 6, 7 and 8):
(Ho): "The left turn lane saturation flow  rate(s) fo r  the Las Vegas 
Metropolitan Area is 0.95 times (fu  =  0.95) the ideal saturation flow  
rate at signalized intersections. "
Upon accepting the through-lane Null Hypothesis that So =  1900 pcphgpl, the 
resulting ideal left turn lane saturation flow rate for Null Hypothesis testing is 
expected to support a value of 1805 pcphgpl.
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Similar to the conclusions drawn by examining the data on an individual intersection 
basis, left-turn lane groups 1, 3 and 4 do not support a saturation flow rate value of 
1805 pcphgpl. As illustrated in Figure 44, only the observed values from the triple 
left-turn lane approaches support the left turn Null Hypothesis of 1805 pcphgpl (or 
7.98 seconds for a four vehicle saturation headway).
If the left turn lane Null Hypothesis for the single and dual left turn lanes is rejected, 
a new saturation flow rate value should be selected. Upon viewing Figure 44, it 
becomes apparent that lane group 1 (single left turn lane) has a mean value of 7.60 
seconds, or a samration flow rate of 1895 pcphgpl. The observed mean value and 
confidence range from lane group 1 provides no statistical evidence to reject a value 
of 1900 pcphgpl. Upon accepting this value, the resulting left-tum lane factor for a 
single left-turn lane is 1.0. Lane groups 3 and 4, representing the inside and outside 
dual left-turn lane approach movements, are very similar in both mean value and the 
95 percent confidence range, as shown in Figure 44. Selecting the mean value from 
lane groups 3 and 4 of 7.70 seconds for the four vehicle saturation headway, a dual 
left-tum lane saturation flow rate of 1870 pcphgpl is supported by the field data. This 
value is slightly lower than the value of 1875 pcphgpl derived from the individual 
intersection review of Table 14.
If the dual left-tum lane saturation flow rate value of 1870 pcphgpl is accepted, the 
calculated left tum factor using (Equation 4) is 0.984. Rounding the computed left-
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turn factor to 0.985 results in a saturation flow rate of 1872 pcphgpl and a four 
vehicle saturation headway of 7.69 seconds. This value also approximates the mean 
values from lane groups 3 and 4, and is well within the 95 percent confidence range 
of the dual left-turn lane groups.
As seen graphically in Figure 44, the triple left-turn lane groups of 6, 7 and 8 
support the Null Hypothesis value of 1805 pcphgpl. However, both the mean values 
and the 95 percent confidence range also suggest that the left-tum saturation flow rate 
may vary among the three left-turn lanes. The mean values suggest saturation flow 
rates of 1825 pcphgpl, 1809 pcphgpl and 1773 pcphgpl, respectively, for the outside, 
middle and inside left-tum lanes. These values (using Equation 3) and a through-lane 
saturation flow rate value of 1900 pcphgpl result in left-tum factors of 0.96, 0.95 and 
0.93, respectively.
However, it is also to be noted that the adjacent through lane for triple left-turn lane 
configuration did not support the saturation flow rate of 1900 pcphgpl. If the left-tum 
factors were to be calculated based solely on observations at the triple left-tum lanes, 
then the resulting left-tum factors would be:
„ . . .  , 3600 ,3600 8.20
fLT inside lane =  ^ q/4) =  T 8 9  =   ^ «  1.04
8 70
f^ T middle lane =  '~j gg =  1.0301 ~  1.03 
8 20
f^ T outside lane = g" 2^ — 1-0098 =  1.01
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Observed Heavy Vehicle Saturation Flow Rates
During field observations of saturation flow headways, observers were instructed to 
measure heavy vehicle headways (vehicles with more than four tires touching the 
pavement) whenever they occurred and to record the data separately from queue 
discharge flows comprised only of passenger car vehicles. The resulting field 
observations are summarized in Appendix VI. The data are from 30 intersection 
approaches with varying cross-sections of single, dual and triple left-tum lane 
approaches and various lane groups. The total database is comprised of 62 heavy 
vehicle saturation flow headways from left tum movements and 38 saturation flow 
headway observations from adjacent through lanes. Although this data set is limited 
and from a diverse group of intersections and left-tum geometries, the saturation flow 
rate results still prove to be of interest. Table 24 reports the results of the truck 
saturation flow rates observed during the data collection effort for this study, and 
demonstrates that the left-tum saturation flow rate for truck movements appears to be 
less than for the adjacent through movement. The range in observed four-vehicle 
headway with one heavy vehicle within the traffic stream ranged from a minimum of 
6.68 seconds to a maximum of 18.19 seconds for the left-tum movement. This range 
in observed values and the number of observations result in a 95 percent confidence 
range in the saturation flow rates that varies fi^om 1334 vphgpl to 1502 vphgpl, with 
an average of 1413 vphgpl.
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TABLE 24
HEAVY VEHICLE SATURATION FLOW RATE 
OBSERVATION SUMMARY
Factor Left Tum Movement Through Lane Movement
Number of Observations 62 38
Standard Deviation 2.42699 1.54813
4 Vehicle Saturation 
Headway
Max 18.19 sec 15.19 sec
Min 6.68 sec 7.31 sec
Mean 10.20 sec 9.48 sec
25% Heavy Vehicle 
Samration Flow Rate
95% Confidence 1334 vphgpl 1441 vphgpl
Interval 1502 vphgpl 1599 vphgpl
Mean 1413 vphgpl 1516 vphgpl
Similarly, the through movement 95 percent confidence range is from 1441 vphgpl to 
1599 vphgpl, with an average value of 1599 vphgpl. Based upon the mean samration 
flow rates and the previously accepted ideal samration through lane flow rate of 1900 
pcphgpl, a heavy vehicle factor (fnv) can be calculated. For the Las Vegas 
Metropolitan Area a 25 percent truck factor (1 truck in 4 vehicles) was observed to be 
0.74 and 0.80 for left-mm and through lanes respectively. The through-lane heavy 
vehicle factor (f^y) directly supports the HCM reported value for 25 percent trucks of 
0.800 from Table 9-6 (HCM 1994). A left-mm factor with 25 percent heavy vehicles 
calculates to be 0.93 [1414 vphgpl/(1900 pcphgpl x 0.80)].
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Wet Pavement Saturation Flow Rates
On January 25, 1995 during a rainstorm, saturation headways were observed at the 
intersection of Charleston Boulevard and Rainbow Boulevard. These observations 
supplemented field measurements made at this intersection one month earlier under 
dry pavement conditions. The results of these observations are summarized in Table 
25.
As expected, the saturation flow rate was reduced under wet pavement and rainstorm 
conditions. This reduction was observed to be approximately ten percent due to the 
inclement conditions. The observed reduction was slightly greater for the through 
travel lanes when compared to the left-mm lane movements. As a result, the 
calculated left-mm factor acmally increased from an intersection mean of 0.97 under 
dry pavement conditions to 1.01 for wet pavement conditions. Even though these 
data are extremely limited, it does raise some interesting questions that may warrant 
fumre smdy. Preliminary conclusions from this data indicate that the left-mm factor 
was not significantly influenced by wet pavement conditions since the samration flow 
rate for the left-mm and through lane movements appear to have reduced relative to 
each other.
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TABLE 25
CHARLESTON BLVD/RAÜ^BOW BOULEVARD
Wet and Dry Pavement Samration Flow Rates 
Single Left-Tum Lane Approaches
Left Through
Approach
Dry Wet Dry Wet
Northbound
Sample Size
Standard Deviation
Samration Flow Rate (pcphgpl) 
95% Confidence Interval
Mean
Flt
30
0.93053
1892
2075
1979
0.98
30
0.96117
1718
1870
1792
1.03
30
0.90892
1925
2108
2011
30
0.11996
1655
1823
1734
Westbound 
Sample Size 
Standard Deviation 
Samration Flow Rate (pcphgpl) 
95% Confidence Interval
Mean
Flt
26
0.82371
1804
1962
1880
0.94
20
1.01081
1622
1802
1708
1.03
23
0.87112
1900
2096
1992
18
1.09278
1570
1570
1662
Eastbound
Sample Size
Standard Deviation
Samration Flow Rate (pcphgpl) 
95% Confidence Interval
Mean
Flt
25
0.90185
1823
2003
1908
0.98
12
1.02006
1584
1816
1692
0.98
27
1.04231
1844
2951
1942
20
1.44056
1611
1877
1734
Grand Mean
Saturation Flow (pcphgpl) 1922 1731 1982 1710
Left Tum Factor 0.97 1.01 — —
Percent Reduction 9.9% ?13.7%
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Observed Conditions Affecting Saturation Flow Rates
In addition to the items previously discussed throughout this chapter, field 
observations noted additional intersection characteristics that appeared to influence 
samration flow rates and intersection performance.
One of these factors was observed at the intersection of Charleston Boulevard and 
Rancho Road where a concrete valley gutter is installed across the approach to the 
intersection. The southbound through lane approach was observed to have a mean 
samration flow rate of 1811 vphgpl, while the dual left mm lane samration flow rates 
were observed to be 1752 vphgpl for the outside lane and 1722 vphgpl for the inside 
left-mm lanes. Based upon the observed dual left-mm lane groups (3 and 4), the 
supported dual left-mm lane flow rate for the Las Vegas Metropolitan Area was 
determined to be 1870 pcphgpl. Similarly, it has been shown that the through-lane 
samration flow rate of 1900 pcphgpl was confirmed for the Las Vegas Metropolitan 
Area. Using these values as a basis for comparison, it appears that the valley gutter 
may have reduced the samration flows on this approach by about seven percent for 
the dual left mm lanes, and five percent for the through movement. The presence of 
this valley gutter appears to have had a greater influence upon the observed samration 
flow rates at this approach than the other geometric factors that are usually expected 
to influence samration flows, such as approach grades and lane widths. This
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intersection approach field observation proved to be a very interesting finding, and 
suggests a topic of future study.
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CHAPTER 6
SUMMARY, CONCLUSIONS AND RECOMMENDATIONS
Summary
The primary objective of this research was to gain a better understanding of the 
operational characteristics of single, dual and triple left-turn lanes through 
measurement of approach lane saturation flow rates, and by comparing them to 
through lane saturation flow rates at the same intersection approach.
The findings of this study are based on average saturation flow headways measured 
between the 4th and 8th vehicles within the saturation queue discharge observed at 62 
individual signalized intersection approaches with protected left-tum signal phasing. 
The field observations of 23 single, 36 dual and 3 triple left-tum lane intersection 
approaches were made at 35 individual intersection sites located within the Las Vegas 
Metropolitan Area. The intersection approaches selected for analysis met a set of 
basic criteria that the geometric and operational conditions, as well as driver 
behavior, were comparable (or similar) among the study sites, and therefore provided 
for a direct comparison among the single and multiple left tum lane facilities. The 
collected saturation flow data contained in this analysis represents a total of 3,662
171
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time observations of four vehicles each, or a total number of 14,648 individual 
passenger vehicles.
Heavy vehicle saturation headways were also recorded whenever they occurred during 
field measurements at an intersection approach. As a result, a heavy vehicle 
saturation flow data base was compiled for analysis that represents 30 intersection 
approaches containing 62 time measurements from a cross-section of single, dual and 
triple left-tum lane movements, and 38 time measurements from adjacent through 
travel lanes.
Overview
The saturation flow headways observed in support of this research were used to 
calculate samration flow rates in order to test specific hypotheses with regard to the 
1994 HCM recommended ideal through-lane samration flow rate of 1900 pcphgpl and 
recommended left-mm factor of 0.95 for single and multiple left-mm lanes. In order 
to review the potential influence that key intersection characteristics may have had on 
the collected samration flow headways, various data plot comparisons were prepared. 
These plots were visually inspected in order to identify any significant trends that 
appeared to influence the samration flow rate comparisons among the left-mm lane 
facilities. The plots compared samration flow rate values versus such key intersection 
characteristics as approach lane width, number of left-mm receiving lanes, left-mm
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radius, left-tum bay storage length, nearest downstream driveway distance, concurrent 
left-turn phasing, and estimated concurrent left-turn clearance distance. After 
reviewing these plots, it was determined that the key intersection characteristics are 
significantly random enough that they do not influence the observed saturation 
headways and their resulting saturation flow rates as they relate to the comparison of 
the left-turn lane approach facility types. However, this evaluation of key intersection 
characteristic analysis plots did suggest the following:
• Lane widths over 12 feet are associated with higher saturation flow 
rates.
• There is a tendency for lower samration flow rates when there are two 
left-mrn lanes (dual lefts) mming simultaneously into three or four 
receiving lanes in the absence of pavement markings for channelizing 
the left-mm movements.
• Concurrent left-mm movements and separation distances may influence 
left-mm samration flow rates.
Although the above findings are inconclusive from this smdy, they do suggest that 
there are complex relationships that are present in the operation of an intersection that
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affect its saturation flow rates. The specific conclusions drawn from this research are 
presented in detail in the following subsection.
Conclusions
The observed saturation headways were analyzed as nine (9) lane group 
subpopulations. The characteristics for each of these lane groups are summarized in 
Table 26. A one-way analysis of variance among the lane groups resulted in the 
finding that the lane groups are statistically different from each other. Subsequent 
pairwise comparisons between the lane groups determined the following significant 
findings:
• The through travel lane groups 2 and 5 are similar, but through lane 
group 9 adjacent to the triple left-turn lanes was found to be 
significantly different. This difference was explained by unusual 
through lane characteristics at triple left-tum lane approaches, and the 
lower number of approach observations studied at the triple left-mm 
lane facilities (70) when compared to the single (500) and dual (780) 
left-mm lane approaches.
• The triple left-mm lane approaches comprised of lane groups 6 , 7 , 8  
and 9 are all significantly similar to each other.
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TABLE 26 
LANE GROUP SUBPOPULATIONS
Lane
Group
Lane Approach Mean
Headway*
(seconds)
Standard
Dev.
Cases
n
1 Single left 7.5997 0.9181 516
2 Single left through 7.6712 0.9935 511
3 Dual left inside 7.7047 1.0156 784
4 Dual left outside 7.7132 0.9736 782
5 Dual left through 7.5647 1.0002 795
6 Triple left inside 7.8892 0.7549 63
7 Triple left middle 7.9603 0.9401 69
8 Triple left outside 8.1192 1.0583 72
9 Triple left through 8.2027 1.0248 70
Entire population 7.6823 0.9894 3662
• Headway is measured between the 4th and 8th vehicles in a queue.
• Lane group 1 for single left-tum movements is significantly similar to the 
adjacent through movement lane groups 2 and 5. This finding suggests a left- 
tum factor of 1.0.
• Inside and outside dual left-mm lane groups 3 and 4 are significantly similar to 
each other. This suggests that there is no significant difference between dual 
left inside and outside left-mm lane performance.
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
176
Table 27 summarizes the 95 percent confidence intervals for the mean saturation flow 
rate based upon the pooled standard deviation from the nine lane groups. As can be 
seen in Table 27, the 1994 HCM ideal through-lane saturation flow rate value of 
1900 pcphgpl is supported by group 5 data (the through lane adjacent to dual left-tum 
movements). The 95 percent confidence interval of lane group 2 (the through lane 
adjacent to single left-turn movements) is numerically below 1900 pcphgpl with a 
computed maximum value of 1898 pcphgpl. If the data collected for lane groups 2 
and 5 are combined for through lane analysis, a saturation flow rate of 1900 pcphgpl 
is supported with a 95 percent confidence level by the field observations. These 
findings therefore confirm that the 1994 HCM ideal saturation flow rate of 1900 
pcphgpl for through travel lanes is applicable to signalized intersections within the Las 
Vegas Metropolitan Area.
Upon reviewing individual intersection approach saturation flow rates, a number of 
left-turn lane saturation flow rates were observed to be significantly higher than the 
adjacent through-lane value. Examination of these unexpected findings revealed that 
the through lane drivers were found to become inattentive, resulting in headway lags 
during saturation flow discharges. Additional field observations discovered that in 
many locations there was a general lack of aggressive driving in the through lane as 
compared to the adjacent left-tum movement for the same approach at the onset of the 
respective green phases. This driver behavior was attributed to the relatively long 
cycle lengths used in the Las Vegas Metropolitan Area (120 to 160 seconds. Drivers
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TABLE 27
LANE GROUP SATURATION FLOW RATES 
(pcphgpl)
Lane
Group
95% Confidence Interval
Lane Approach Lower
Interval Mean
Upper
Interval
1 Single left 1874 1895 1916
2 Single left through 1856 1877 1898
3 Dual left inside 1852 1869 1886
4 Dual left outside 1850 1867 1884
5 Dual left through 1886 1904 1921
6 Triple left inside 1771 1825 1883
7 Triple left middle 1758 1809 1863
8 Triple left outside 1725 1774 1825
9 Triple left through 1708 1756 1806
Results based on saturation headways measured between the 4th and 8th vehicles in a 
queue.
making left-tum movements at signalized intersections appear to have been 
conditioned to recognize shorter green time allocation (green times that allow for 8 to 
10 vehicles per left tum lane per cycle) for the left-tum movement when compared to 
the adjacent through movements. These field observations suggest that saturation 
flow rates may be more significantly influenced by signal cycle length and green time 
allocation than by other factors.
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An examination of the left tum lane groups shown in Table 27 (groups 1, 3 and 4) 
numerically confirms that the left-turn lane saturation flow rates were higher than 
expected when compared to those recommended in the 1994 HCM. Instead of the 
left-turn saturation flow rate of 1805 pcphgpl suggested by the 1994 HCM, the 
findings of this study support a single left-turn saturation flow rate value of 1900 
pcphgpl, and a dual left-turn lane saturation flow rate on the order of 1870 pcphgpl. 
These findings strongly suggest that the 1994 HCM left-turn factor of 0.95 is not 
applicable to the Las Vegas Metropolitan Area. The mean saturation flow rate values 
and the left-tum factors from this study are summarized in Table 28 in a format 
similar to Table 2, which compiles the previously reported values contained in the 
literature. By comparing Table 28 with Table 2, it can be seen that the reported 
saturation flow rates and resulting left-mm factors support recent findings of ITE 
Technical Committee 5P-5 and 5P-5A (ITE 1993, ITE 1995) that reported left-mm 
samration flow rates greater than the 1994 HCM value of 1805 pcphgpl and a 
suggested left-mm factor of 1.0. However, the Las Vegas Metropolitan Area data 
collected from three triple-left mm lane sites were found to have a lower capacity, 
and therefore did not compare favorably with the triple left-mm samration flow rate 
values observed by Leonard (1994) for five sites in Orange County, California.
Table 29 summarizes the 95 percent confidence interval for the observed heavy 
vehicle samration flow rates.
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TABLE 28
SUMMARY OF FINDINGS 
Saturation Flow (vphgpl) and Left T urn Factors
Through
Lane
Exclusive 
Single Left 
Turn
Dual Left Turn Triple Left Turn
RemarksInside Outside Average Inside Middle Outside Average
I900"> 1.00 0.98 0.98 0.98 0.96 0.95 0.93 0.95 Left Turn Factor f ,j  Based 
on 1900 pcphgpl
1894'" 1895 1869 1867 1868 1825 1809 1774 1803 Study o f 62 approaches 
23 Single 
36 Dual 
3 Triple
Las Vegas Melropolilai) 
Area
1.00 0.99 0.99 0.99 0.96 0.96 0.94 0.95 f^T based on observed 
through lane 1894 pcphgpl
(2 )
1900 pcphgpl is supported as it lies within the 95% confidence interval o f  the data set 
M ean value from combined single and dual left turn adjacent through lane data
T 3
CD
CO(/)
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TABLE 29
HEAVY VEHICLE SATURATION FLOW RATE 
(vphgpl)
95% Confidence Interval
Approach
Lower Interval Mean Upper Interval
Left Turn 1334 1413 1502
Through 1441 1516 1599
For the Las Vegas Metropolitan Area a 25 percent heavy vehicle factor was observed 
to be 0.74 and 0.80 for left and through lanes, respectively. The observed through 
lane heavy vehicle factor (fHv) of 0.80 directly supports the HCM recommended value 
for 25 percent trucks that is suggested in Table 9-6 (HCM 1994).
Recommendations
Flow Rates and Left-Tum Factors 
Based upon the findings of this study, it is recommended that the ideal saturation flow 
rate for through movements at signalized intersections within the Las Vegas 
Metropolitan Area use the suggested value of 1900 pcphgpl as recommended in the 
1994 HCM. However, based upon the field observations made within the Las Vegas 
Metropolitan Area, it is recommended that a left-tum factor for single left-tum lanes 
of 1.00, and for dual left-tum lanes of 0.98 be used. These recommendations are a 
significant increase over the suggested left-tum factor of 0.95 contained in the 1994 
HCM.
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Until additional field data are collected and evaluated from a larger number of triple 
left-turn lane facilities that are now proposed and being constructed within the Las 
Vegas Metropolitan Area, it is recommended that a left-turn factor of 0.95 continue to 
be applied to the design and evaluation of these facilities.
Future Research
This study was designed to observe saturation headways on intersection approaches 
where the left-tum geometry of either a single or multiple left-tum lane was the most 
significant difference among the observation sites, and where all other geometric 
conditions of intersection and driver characteristics were held substantially constant. 
During the course of study spot observations were made with regard to wet pavement 
conditions and where heavy trucks were within the traffic stream. These observations 
and their results prove to be interesting and warrant more extensive study.
Having completed the work for which this research project was created, there remain 
several areas of further study that the results of this effort suggest may be a fraitful 
course of additional research. The findings of this research effort suggest that further 
study would be of interest in the following areas:
Examination into the relationship of saturation flow rates and resulting left-tum 
factors versus signal cycle lengths and green time allocation for through lanes 
and left-tum lanes.
A review of concurrent left versus nonconcurrent left-tum movements at an 
intersection and the significance upon the observed saturation headways.
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Evaluation of left-turn saturation flow rates based on the number of receiving 
lanes (i.e., one lane into two or three, two lanes into three lanes, etc.)
Analysis of the effects of left-turn guidelines or cat tracking upon observed 
saturation flow rates for dual left-turn facilities.
A study of the effects of intersection road profile geometry such as cross 
gutters (valley gutters) on observed saturation flow rates.
The effect of downstream bus stops on the performance of left-turn lanes.
A review and update of the work performed by Kunzman for the start-up delay 
and headway discharge time for the n"" vehicle in the queue as they relate to 
through lanes and multiple left-turn lanes.
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NOTATION AND DEFINITIONS
The following are symbols and terms frequently used within the text of this 
dissertation. Many of these terms are in common use and are defined within the 1994 
Highway Capacity Manual (HCM 1994) and/or literature pertaining to traffic flow 
theory. However, to clarify terms between single, dual and triple left-mrn lanes, 
additional notations have been incorporated into the text of this research to avoid 
confusion.
Symbol
/Abbreviation Term
a
b
C
CL
Ci
CBD
D
d
dd
Intersection Angle
Storage Bay Length 
Cycle Length 
Continuous Left
Capacity
Delay
Definition
Angle in degrees between intersecting 
roadways
1 - Percent Confidence Level Chosen 
100
Left-mm bay length (ft)
Signal cycle length in seconds
A median left-mm lane serving both 
travel directions
Capacity of approach or lane group, i 
expressed in vpgh
Central business area
The average vehicle stopped-time 
delay per vehicle in (veh - sec)
Minimum distance between opposing 
left-mm vehicles
Distance to downstream driveway 
from intersection left mm (ft)
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Symbol
/Abbreviation Term
*bb
‘ HV
‘ LT
P
RTf,
fw
g
g i
ge
g /c
h
HCM
L
LVACTS
Area Type Factor
Bus Blockage Factor
Adjustment Factor for 
Approach Grades
Heavy Vehicle Factor
Left-Tum Factor
Parking Factor 
Right-Tum Factor
Lane Width Factor
Headway
Highway Capacity 
Manual
Definition
Error of the mean at chosen 
confidence level
Adjustment factor for CBD or non- 
CBD areas
See HCM 1994, Chapter 9 
See HCM 1994, Chapter 9
Ratio of heavy vehicles headways to 
passenger car headways, HCM 1994, 
Chapter 9
The ratio of left-tum saturation flow 
to through lane saturation flow
See HCM 1994, Chapter 9
The ratio for right-tum saturation 
flow to through lane saturation flow
Ratio of lane width to a standard 
width of 12 feet
Signal green time (sec)
Effective green time for approach or 
lane group i (sec)
Effective green time (sec)
Green ratio for approach or lane 
group i
Saturation flow rate headway 
(sec/veh)
A reference made to the procedures 
and analysis methods described in the 
1994 HCM (HCM 1994)
Lost time (sec)
Las Vegas Area Computer Traffic 
System
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Symbol
/Abbreviation Term
n
Hi —
Definition
n'*' vehicle in queue
Number of approaches for lane group
N
nol
n
PCE
pcphgpl
R
Rz
Si
S lt
So
S th
5
T
Population
Range
radius
Standard Deviation
Weighted Mean 
Saturation Flow Rate
Saturation Flow Rate
Ideal Saturation Flow 
Rate
Number of Approach Lanes
Number of Left Turn Receiving 
Lanes
Sample Size
Passenger Car Equivalents
Passenger cars per hour of green per 
lane
Highest minus lowest values in a 
population
Regression coefficient or coefficient 
of determination
Intersection inside left turn radius (ft)
Standard deviation
Mean saturation flow rate weighted 
for number of approach lanes within 
each lane group i
Saturation flow rate for approach or 
group lane, i expressed in vphgpl
Field measured saturation flow rate 
(pcphgpl)
Ideal saturation flow rate per lane 
expressed in pcphgpl
Field measured saturation flow rate of 
the adjacent through lane to the 
exclusive left-tum lane
Standard deviation of the sample
Time (sec)
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Symbol
/Abbreviation Term Definition
t — Left-tum bay transition taper length
(ft)
t  — Percentile of the t-distribution with
(/i-l) degrees of freedom sample size
Vj Flow Actual or projected vehicle flow rate
per approach or lane group i (vph)
vph — Vehicles per hour
vphg — Vehicles per hour of effective green
time
vphgl — Vehicles per hour of green time per
lane
X — Mean value of population
X — Sample mean
X; — Value i within the sample population
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SATURATION FLOW OBSERVATIONS 
INSTRUCTIONS AND DATA SHEET
Objective; To determine in the field the saturation flow rate and calculated left- 
turn factor at a local intersection with protected left-turn signal phasing. 
Each observer is to collect data individually and turn in an individual 
report for the assigned intersection.
Equipment:
Instructions:
Tape Measure 
Pencils
Stop Watch 
Common Sense
Clip Board
The data collection procedure to be followed is similar to that given in 
the Highway Capacity Manual, with a few changes, including:
1. Record only the time elapsed between the fourth and eighth 
vehicles in a given cycle.
2. Record a minimum of 20 cycles that have the first through eighth 
vehicles as all motor vehicles with four tires (i.e., passenger cars, 
vans, or pickup trucks only).
3. For cycles with heavy vehicles, record a "T" next to the time for 
each truck in the queue between the first and eighth vehicles (note 
truck position in queue).
4. Record data for a cycle only if the eighth vehicle has come to a 
complete stop in the queue before the lane gets its green signal.
5. Use the attached data collection form.
6. Perform the data collection alone to avoid distractions.
7. Conduct field observations from a safe location such as the adjacent 
pedestrian sidewalk.
To avoid wasting time in the field, it is suggested you collect data only 
during the peak hours, which are normally from 6:30 a.m. to 9:00 a.m. 
and 3:00 p.m. to 6:00 p.m. Please consult Mr. Ken Ackeret in 
selecting most appropriate times to make field observations for your 
site. Collect data only in dry weather and only during weekdays 
(Monday - Friday).
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Twenty data points (observations of elapsed time) are needed, at a 
minimum, for each lane with passenger cars only. Twenty data points 
will provide a reasonable estimate of the ratio of left turns to through 
movements. A person should be able to collect all necessary data for 
an approach in one or no more than two field visits (two to three hour 
periods for each visit).
Additional geometric information to be recorded in the field include:
— intersection angle
— number of lanes on receiving roadway
— left turn lane taper length
— left mrn lane full-width bay length
— minimum distance between opposing left turn vehicles, and
— turn radius
— lane widths
A few non-geometric items are also required on the data collection 
sheet. The intersection data is easily observed in the field. There are 
spaces on the data collection form to record the desired items, but if 
further elaboration or sketches are needed to adequately convey the 
field situation, attach extra sheets. Please estimate any geometric item 
you cannot directly measure, and indicate next to the item that it is not 
a measurement — your on-the-spot estimate will be better than a later 
guess after the count.
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University of Nevada, Las Vegas Department of Civil and
Environmental Engineering
General Data
Analyst nam e:_______________________________ C ity :_______________________
Date: Intersection:
Day of week: ________________________  Approach studied:
Time of d a y :_______________________________
Weather:
Approach Data
Note: Estimate any data pertaining to the intersection/approach geometry listed below 
if you cannot measure the same in a safe manner - please do NOT put your 
personal safety at risk bv venturing onto the road wav to make measurements.
Intersection angle (degrees): a=  -------------------------------------------------------------------
Number of departure lanes on receiving road (nol):
Average left turn lane bay length (ft): b = ----------
Left turn lane taper length (ft): t = ------------------
Inside lane turn radius (ft): r = ------------------------
Min. dist. between opposing left turn vehicles (ft): d =  
Distance to first downstream driveway (ft); dd = -------
Left turn signal simultaneous with opposing left turn signal y e s   no
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University of Nevada, Las Vegas
Name:
Date:
Department of Civil and 
Environmental Engineering
Intersection:_____
Approach Studied:
Saturation Flow Data
(Record time elapsed between 4th and 8th vehicles, in seconds, per instruction)
Exclusive Dual Left Turn Lane
Adjacent Through 
Lane
Remarks (e.g. U- 
tums, # of trucks. 
Queue on adjacent 
lane)
Observations Inside Outside
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
1 Average 1 1 1 1
(Note: You need as many observations as necessary to have at least 20 observations for each lane 
without trucks in the traffic stream. For additional observations, use additional sheets of paper.
Mark " H § "  next to observation with a truck and its position in the queue
At minimum, 20 observations are required without a truck in the queue.
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STUDY AREA SIGNALIZED INTERSECTIONS
Source: Intersection Inventory (BAA 1994)
L V A C T S  
In t .  #
In te r s e c t io n
N a m e
R e s p .
A g e n c y A p p ro a c h  N a m e
A p p ro a c h
P h a s e
A s s ig n m e n t
C a n d id a te
I n te r s e c t io n
D ire c t io n LT T h ru Y e s  o r  N o
3 3 1 2 8 T H  & C H A R L E S T O N CLV 2 8 T H N O R T H 4 NO
S O U T H 4
CH A R L ESTO N E A S T 6
W E S T 2
X XX 2 8 T H  & CLV 2 8 T H N O R T H 2 N O
S T E W A R T S O U T H 2
S T E W A R T E A S T 3 8
W E S T 7 4
3 5 5 A BERD EEN  & CLV J O N E S N O R T H 7 6 N O
J O N E S  C LA R IC E S O U T H 3 6
ABERDEEN E & W 8
C LA RICE E A S T 4
2 6 4 A L G O N Q U IN / C C A LG O N Q U IN N O R T H 8 N O
T A M A R U S  & T A M A R U S S O U T H 8
FLA M IN G O FLA M IN G O E A S T 1 6
W E S T 5 2
1 A L T A  & D E C A T U R CLV D EC A TU R N O R T H 5 2 N O
S O U T H 1 6
A LTA E A S T 7 4
W E S T 3 8
2 7 5 A LTA  & J O N E S CLV JO N E S N O R T H 3 8 N O
S O U T H 7 4
A LTA E A S T 5 2
W E S T 1 6
3 A LTA  & CLV M L KING N O R T H 1 6 N O
M A R T IN  LU TH ER KING S O U T H 5 2
A LTA E A S T 8
W E S T 4
2 8 5 A L T A  & R A IN B O W CLV RA IN BO W N O R T H 1 2 Y ES
S O U T H 5 6
A LTA E A S T 4
W E S T 4
4 A L T A  & R A N C H O CLV R A N C H O N O R T H 5 6 N O
S O U T H 1 2
ALTA E A S T 4
W E S T 3
X X X A L T A  & T O R R EY  PINES CLV TO RREY  PINES N O R T H 2 N O
S O U T H 2
A LTA E A S T 4
W E S T 4
X X X A L T A  & U PL A N D CLV U PLA N D N O R T H 2 N O
S O U T H 2
A LTA E A S T 1
W E S T 1
2 5 1 A L T A  & V ALLEY  V IEW CLV VALLEY V IEW N O R T H 5 2 N O
S O U T H 1 6
A LTA E A S T 4
W E S T 4
3 8 1 A R D E N /M A R IO N  & CLV M A RIO N N O R T H 2 N O
C H A R L E S T O N ARDEN S O U T H 2
C H A R L ESTO N E A S T 3 8
W E S T 7 4
8 ARVILLE & CLV N O
C H A R L E S T O N ARVILLE S O U T H 4
C H A R L ESTO N E A S T 1 2
W E S T 3
3 6 9 ARVILLE & FLA M IN G O C C ARVILLE N O R T H 7 4 N O
S O U T H 3 8
FLA M IN G O E A S T 1 6
W E S T 5 2
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STUDY AREA SIGNALIZED INTERSECTIONS
Source: Intersection Inventory (BAA 1994)
L V A C TS 
In t. S
In te r s e c t io n
N a m e
R e s p .
A g e n c y A p p ro a c h  N am e
A p p ro a c h
P h a s e
A s s ig n m e n t
C a n d id a te
I n te r s e c t io n
D ire c t io n LT T h ru Y e s  o r  N o
XXX ARVILLE & O AKEY CLV ARVILLE N O RTH 1 N O
S O U T H 1
OAKEY E A S T 2
W E S T 2
6 ARVILLE & S A H A R A CLV ARVILLE N O RTH 4 Y ES
S O U T H 4
S A H A R A EA S T . 1 6
W E S T 5 2
2 0 7 ARVILLE & C C ARVILLE N O RTH 2 Y ES
S P R IN G  M O U N T A IN S O U T H 2
S PR IN G  M TN E A S T 7 4
W E S T 3 B
3 8 7 A RVILLE & T R O P IC A N A C C ARVILLE N O R TH 4 NO
S O U T H 8
TR O PIC A N A E A S T 5 2
W E S T 1 6
XXX ARVILLE & T W A IN C C ARVILLE N O RTH 4 N O
S O U T H 4
TW A IN E A S T 2
W E S T 2
4 3 A TL A N T IC  & S A H A R A CLV A TLA N TIC N O R T H 6 N O
S O U T H 2
S A H A R A E A S T 3 8
W E S T 7 4
3 5 2 A U D R IE  & FLA M IN G O C C A UDRIE N O R T H 4 N O
S O U T H 4
FLAM INGO E A S T 1 6
W E S T 5 2
1 0 BELM O N T NLV BELM ONT N O R T H 4 NO
& LAKE M EA D S O U T H 4
LAKE M EAD E A S T 5 2
W E S T 1 6
2 5 5 B O N A N Z A  & D E C A T U R CLV D ECA TU R N O R T H 2 NO
S O U T H 1 2
BO NA N ZA E A S T 3
18 B O N A N Z A  & EA S T E R N CLV EASTERN N O R T H 5 2 NO
S O U T H 1 6
B O NA N ZA E A S T 7 4
W E S T 3 8
2 4 8 B O N A N Z A  & LA M B C LV LAMB N O R T H 5 2 N O
S O U T H 1 6
BO N A N ZA E A S T 3 8
W E S T 7 4
21 B O N A N Z A  & CLV M .L . KING N O R T H 1 6 N O
M A R T IN  LU TH ER KING S O U T H 5 2
BO NA N ZA E A S T 3 8
W E S T 7 4
2 3 1 B O N A N Z A  & M O JA V E CLV M O JA V E N O R T H 7 4 N O
S O U T H 3 8
BO NA N ZA E A S T 1 6
W E S T 5 2
2 7 B O N A N Z A  & NELLIS C C NELLIS N O R T H 1 6 N O
S O U T H 5 2
B O NA N ZA E A S T 3 8
W E S T 7 4
2 4 6 B O N A N Z A  & P E C O S CLV P E C O S N O R T H 7 4 N O
S O U T H 3 8
BO NA N ZA E A S T 5 2
W E S T 1 6
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STUDY AREA SIGNALIZED INTERSECTIONS
Source: Intersection Inventory (BAA 1994)
L V A C T S  
In t. #
I n te r s e c t io n
N a m e
R e s p .
A g e n c y A p p ro a c h  N a m e
A p p r o a c h
P h a s e
A s s ig n m e n t
C a n d id a te
I n te r s e c t io n
D ire c t io n LT T h ru Y e s  o r  N o
2 8 B O N A N Z A  & R A N C H O CLV R A N C H O N O R T H 5 2 NO
S O U T H 1 6
BO N A N ZA E A S T 3 8
W E S T 4
2 9 B O N A N Z A  & CLV VALLEY V IEW N O R T H 2 NO
VALLEY V IEW S O U T H 2
B O N A N ZA E A S T 4
W E S T 4
n BO U LD ER & C C BOULDER N O R T H 1 6 YES
D E S E R T  IN N /LA M B S O U T H 5 2
D E S E R T  INN E A S T 3 8
W E S T 7 4
2 9 1 BO U LD ER & FLA M IN G O C C BOULDER N O R T H 1 6 NO
S O U T H 5 2
FLA M IN G O E A S T 3 8
W E S T 7 4
3 6 1 BO U LD ER & C C BOULDER N O R T H 2 N O
1 -5 1 5 /U S  9 5  N O RTH S O U T H 1 2 - f I
1 -515 S O U T H 4
3 6 0 B O U LD ER  & C C BOULDER N O R T H 1 2 - t - l N O
1 -5 1 5 /U S  9 5  S O U T H S O U T H 2
1 -515 N O R T H 4
3 0 3 B O ULDER & IN D IO S C C BOULDER N O R T H 5 2 Y ES
S O U T H 1 6
IN D IO S E A S T 7 4
W E S T 3 8
1 3 BO U LD ER & NELLIS C C BO ULDER N O R T H 5 2 N O
S O U T H 1 6
NELLIS E A S T 4
W E S T 3
4 1 B R U C E  & LAKE M EA D NLV BRU CE N O R T H 4 N O
S O U T H 4
LAKE M EA D E A S T 5 2
W E S T 1 6
3 0 5 B R U S H  & CLV B R U SH N O R T H 3 N O
C H A R L E S T O N
C H A R L E S T O N E A S T 2
W E S T 1 6
1 5 B U R H A M  & FLA M IN G O C C BU RH A M N O R T H 8 N O
S O U T H 8
FLA M IN G O E A S T 1 6
W E S T 5 2
4 6 B U R H A M  &  S A H A R A CLV B U R H A M N O R T H 4 N O
S O U T H 4
S A H A R A E A S T 5 2
W E S T 1 6
X X X C A E S A R S  &  IN D U STR IA L C C IN D U STR IA L N O R T H 6 N O
C A E S A R S S O U T H 2
C A E S A R S E A S T 8
IN D U ST R IA L W E S T 4
2 5 6 C A E S A R S  & C C L A S  V E G A S N O R T H 6 N O
L A S  V E G A S  BLVD. S O U T H 2
C A E S A R S E A S T 1 8
W E S T 5 4
3 9 6 C A M B R ID G E  & C C C A M B R ID G E N O R T H 8 N O
FLA M IN G O S O U T H 8
FLA M IN G O E A S T 1 6
W E S T 5 2
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STUDY AREA SIGNALIZED INTERSECTIONS
S o u rc e :  I n te r s e c t io n  In v e n to ry  (BA A  1 9 9 4 )
P h a s e C a n d id a te
L V A C T S I n te r s e c t io n R e s p . A p p r o a c h A s s ig n m e n t I n te r s e c t io n
In t. # N a m e A g e n c y A p p ro a c h  N a m e D ire c t io n LT T h ru Y e s  o r  N o
222 C A M B R ID G E  & C C C A M B R ID G E N O R T H 4 N O
T W A IN S O U T H 4
T W A IN E A S T 1 6
W E S T 5 2
388 C A M E R O N C C C A M E R O N N O R T H 4 N O
& T R O P IC A N A S O U T H 8
TR O P IC A N A E A S T . 5 6
W E S T 1 2
4 7 CA M PB EL L CLV CA M PBELL N O R T H — N O
& C H A R L E S T O N S O U T H
CH A R L ESTO N E A S T
W E S T
63 C H A R L E S T O N CLV D EC A TU R N O R T H 3 8 Y ES
& D E C A T U R S O U T H 7 4
CH A R L ESTO N E A S T 1 6
W E S T 5 2
6 4 C H A R L E S T O N CLV EA STER N N O R T H 5 2 N O
& E A S T E R N S O U T H 1 6
C H A R L ESTO N E A S T 3 8
W E S T 7 4
70 C H A R L E S T O N CLV H IN SO N N O R T H 3 N O
&  H IN S O N S O U T H 3
C H A R L ESTO N E A S T 1 6
W E S T 5 2
3 4 C H A R L E S T O N  & CLV HONOLULU N O R T H 4 N O
H O N O LU LU /SA N D H IL L SAN D HILL S O U T H 4
CH A R L E S T O N E A S T 5 2
W E S T 1 6
327 C H A R L E S T O N CLV N O
& 1 -5 1 5  E A S T 1-5 1 5 S O U T H 6
C H A R L ESTO N E A S T 8
W E S T 7 4
328 C H A R L E S T O N CLV 1-5 1 5 N O R T H 4 N O
& 1 -5 1 5  W E S T
CH A R L ESTO N E A S T 1 6
W E S T 2
71 C H A R L E S T O N CLV J O N E S N O R T H 5 2 Y ES
& J O N E S S O U T H 1 6
C H A R L ESTO N EA S T 7 4
W E S T 3 8
72 C H A R L E S T O N CLV LAM B N O R T H 3 8 Y E S
& LA M B S O U T H 7 4
C H A R L E S T O N E A S T 1 6
W E S T 5 2
6 9 C H A R L E S T O N  & CLV M .L  KING N O R T H 5 2 N O
M .L , KING S O U T H 1 6
C H A R L E S T O N E A S T 3 4
W E S T 7 8
76 C H A R L E S T O N CLV M O JA V E N O R T H 4 N O
&  M O J A V E S O U T H 3
C H A R L E S T O N E A S T 1 6
W E S T 5 2
77 C H A R L E S T O N C C NELLIS N O R T H 1 6 Y E S
& N ELLIS S O U T H 5 2
C H A R L E S T O N E A S T 7 4
W E S T 3 8
3 2 6 C H A R L E S T O N CLV P E C O S N O R T H 2 Y E S
& P A L M /P E C O S PALM S O U T H 1
C H A R L ESTO N E A S T 3 8
W E S T 7 4
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STUDY AREA SIGNALIZED INTERSECTIONS
Source; Intersection Inventory (BAA 1994)
L V A C T S  
In t .  #
In te r s e c t io n
N a m e
R e s p .
A g e n c y A p p ro a c h  N a m e
A p p ro a c h
P h a s e
A s s ig n m e n t
C a n d id a te
I n te r s e c t io n
D ire c t io n LT T h ru Y e s  o r  N o
7 8 C H A R L E ST O N CLV R A IN B O W N O R T H 5 2 YES
& R A IN B O W S O U T H 1 6
C H A R L E ST O N E A S T 3 8
W E S T 7 4
7 9 C H A R L ESTO N CLV R A N C H O N O R T H 3 8 Y ES
& R A N C H O S O U T H 7 4
C H A R L E ST O N E A S T 1 6
W E S T 5 2
1 8 1 C H A R L ESTO N CLV S A C R A M E N T O N O R T H 2 NO
& S A C R A M E N T O S O U T H 6
C H A R L ESTO N E A S T 3 8
W E S T 7 4
8 0 C H A R L ESTO N CLV S H A D O W N O RTH 2 N O
& S H A D O W S O U T H 6
C H A R L ESTO N E A S T 3 8
W E S T 7 4
8 2 C H A R L E ST O N CLV TO RREY  PINES N O R T H 5 2 N O
& TO RREY  PINES S O U T H 1 6
C H A R L E ST O N E A S T 3 8
W E S T 7 4
8 4 C H A R L E S T O N CLV VALLEY VIEW N O R T H 3 8 YES
& VALLEY VIEW S O U T H 7 4
C H A R L E ST O N E A S T 1 6
W E S T 5 2
3 4 7 C H A R L E ST O N CLV U PLA N D N O R T H 3 N O
& U PLA N D W E S T W O O D S O U T H 1
C H A R L E S T O N E A S T 2
W E S T 2
4 5 9 C H R IST Y C C C H R IST Y N O R T H 4 N O
& LAKE M EA D S O U T H 4
LAKE M EA D E A S T 2
W E S T 2
2 9 7 C IR C U S  C IR C U S C C IN D U STR IA L N O R T H 1 6 N O
& IN D U STRIA L S O U T H 2
C IR C U S  C IR C U S E A S T 4
1 7 5 C IR C U S  C IR C U S/R IV IE R A CC LA S V E G A S  BLV N O R T H 3 2 N O
& LA S V E G A S  BLVD S O U T H 3 / 4 6
RIVIERA E A S T 1
C IR C U S  C IR C U S W E S T 1
9 4 CIV IC  CEN TER NLV C IV IC  C EN TER N O R T H 3 8 Y ES
& LAKE M EA D S O U T H 7 4
LAKE M EA D E A S T 1 6
W E S T 5 2
9 6 CIV IC  CEN TER NLV C IV IC  C EN TER N O R T H 1 6 N O
& O W E N S S O U T H 5 2
O W E N S E A S T 3 8
W E S T 7 4
9 7 CIV IC CEN TER NLV C IV IC  CEN TER N O R T H 1 6 N O
& T O N O P A H S O U T H 5 2
T O N O P A H E A S T 4
W E S T 4
4 2 1 C O M M ER C E /LO SEE NLV LO SEE N O R T H 3 N O
& LAKE M EA D C O M M E R C E S O U T H 4
LAKE M EA D E A S T 1 6
W E S T 5 2
1 0 0 C O M M E R C IA L  CEN TER CLV C O M M E R C IA L N O R T H 4 N O
& S A H A R A S O U T H 4
S A H A R A E A S T 1 6
W E S T 5 2
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STUDY AREA SIGNALIZED INTERSECTIONS
S o u r c e :  I n te r s e c t io n  In v e n to ry  (B A A  1 9 9 4 )
P h a s e C a n d id a te
L V A C T S In te r s e c t io n R e s p . A p p ro a c h A s s ig n m e n t In te r s e c t io n
In t. S N a m e A g e n c y A p p ro a c h  N a m e D ire c t io n LT T h ru Y e s  o r  N o
1 0 1 C O N V EN TIO N  CEN TER C C LA S V E G A S  BLV N O R T H 5 2 NO
& LA S V E G A S  BLVD S O U T H 1 6
CO N V EN TIO N E A S T 8
W E S T 4
1 0 2 C O N V EN TIO N  CEN TER C C PA R A D ISE N O R T H 5 2 NO
& PA R A D ISE S O U T H 1 6
CO N V EN TIO N E A S T 3 8
W E S T 7 4
383 C O R P O R A T E  DRIVE C C PA R A D ISE N O R T H 5 2 NO
& PA R A D ISE S O U T H 1 6
C O R P O R A T E  DR E A S T 3
W E S T 3
4 2 D S T  & LAKE M EAD CLV D S T N O R T H 2 NO
S O U T H 6
LAKE M EA D E A S T 3 8
W E S T 7 4
372 D EC A TU R  & C C D EC A TU R N O R T H 5 2 N O
D ESER T INN S O U T H 1 6
D E SE R T  INN E A S T 4
W E S T 4
165 D EC A TU R  & CLV D EC A TU R N O R T H 5 2 NO
ED N A /PE N N W O O D S O U T H 1 6
PE N N W O O D E A S T 4
ED N A W E S T 4
2 1 9 D EC A TU R  & CLV D EC A TU R N O R T H 6 N O
EVERGREEN S O U T H 5 2
EVERGREEN W E S T 4
400 D EC A TU R  & CLV D EC A TU R N O R T H 1 6 N O
FAIR CEN TER S O U T H 5 2
FA IR  CEN TE R E A S T 3
W E S T 8
1 5 9 D EC A TU R  & C C D EC A TU R N O R T H 3 8 Y ES
FLA M IN G O S O U T H 7 4
FLA M IN G O E A S T 5 2
W E S T 1 6
2 5 4 D EC A TU R  & CLV D EC A TU R N O R T H 5 2 N O
H A Y ES S O U T H 1 6
H A Y ES E A S T 8
W E S T 8
107 D EC A TU R  & CLV D EC A T U R N O R T H 2 N O
1 -5 1 5 /U S  9 5 S O U T H 1 2 - f I
1 -5 1 5 /U S  9 5 E A S T 4
9 2 D EC A TU R  & 1-15 / CLV D E C A T U R N O R T H 5 2 N O
U S  95 /C H U R C H IL L S O U T H 1 6
1 -5 1 5 /U S  9 5 E A S T 4
C H U R C H ILL W E S T 3
1 6 6 D EC A T U R  & LAKE M EA D CLV D E C A T U R N O R T H 5 2 N O
S O U T H 1 6
LAKE M EA D E A S T 3 8
W E S T 7 4
2 5 2 D EC A TU R  & CLV D E C A T U R N O R T H 5 2 Y ES
M E A D O W S  LANE S O U T H 1 6
M E A D O W S E A S T 3 3
W E S T 7 4
108 D EC A TU R  & OAKEY CLV D E C A T U R N O R T H 5 2 N O
S O U T H 1 6
O AK EY E A S T 7 4
W E S T 3 8
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STUDY AREA SIGNALIZED INTERSECTIONS
S o u rc e :  I n te r s e c t io n  In v e n to ry  (B A A  1 9 9 4 )
P h a s e C a n d id a te
L V A C T S In te r s e c t io n R e s p . A p p ro a c h A s s ig n m e n t In te r s e c t io n
In t. # N a m e A g e n c y A p p ro a c t i  N a m e D ire c t io n LT T h ru Y e s  o r  N o
4 6 4 D E C A T U R  & CLV D EC A T U R N O R T H 5 2 N O
O 'B A N N O N S O U T H 1 6
O 'B A N N O N E A S T 8
W E S T 4
1 1 0 D E C A T U R  & S A H A R A CLV D E C A T U R N O R T H 5 2 Y ES
S O U T H 1 6
S A H A R A E A S T • 3 8
W E S T 7 4
1 1 1 D E C A T U R  & C C D E C A T U R N O R T H 3 8 Y ES
S P R IN G  M O U N TA IN S O U T H 7 4
S P R IN G  M TN E A S T 1 6
W E S T 5 2
3 8 9 D E C A T U R  & CC D EC A T U R N O R T H 7 4 Y ES
T R O P IC A N A S O U T H 3 8
T R O P IC A N A E A S T 5 2
W E S T 1 6
3 8 0 D E C A T U R  & C C D E C A T U R N O R T H 5 2 NO
T W A IN S O U T H 1 6
T W A IN E A S T 4
W E S T 4
1 0 9 D E C A T U R  & CLV D E C A T U R N O R T H 5 2 N O
V E G A S  DRIVE S O U T H 1 6
V E G A S  D R. E A S T 3 8
W E S T 7 4
1 1 2 D E C A T U R  & CLV D E C A T U R N O R T H 5 2 N O
W A S H IN G T O N S O U T H 1 6
W A S H IN G T O N E A S T 7 4
W E S T 3 8
1 1 3 D E S E R T  INN & C C E A S T E R N N O R T H 5 2 Y ES
E A ST E R N S O U T H 1 6
D E S E R T  INN E A S T 3 8
W E S T 7 4
1 1 4 D E S E R T  INN & C C J O E  B R O W N N O R T H 1 6 Y ES
J O E  B R O W N /S W E N S O N S O U T H 2 5
D E SE R T  INN E A S T 3 8
W E S T 7 4
3 7 1 D E S E R T  INN & C C J O N E S N O R T H 1 6 N O
J O N E S S O U T H 5 2
D E S E R T  INN E A S T 4
W E S T 4
3 6 8 D E S E R T  INN & C C LA C A N A D A N O R T H 4 N O
LA C A N A D A
D E S E R T  INN E A S T 6
W E S T 5 2
1 1 6 D E S E R T  INN & C C M A R Y LA N D N O R T H 5 2 Y ES
M A R Y L A N D S O U T H 1 6
D E S E R T  INN E A S T 7 4
W E S T 3 8
2 6 0 D E S E R T  INN & C C M O JA V E N O R T H 2 Y ES
M O JA V E S O U T H 6
D E S E R T  INN E A S T 3 8
W E S T 7 4
4 0 9 D E S E R T  INN & C C NELLIS N O RTH 1 6 N O
NELLIS S O U T H 5 2
D E S E R T  INN E A S T 4
W E S T 4
1 1 6 D E S E R T  INN & C C P A R A D IS E N O RTH 6 2 Y ES
P A R A D IS E S O U T H 1 5
D E S E R T  INN E A S T 7 4
W E S T 3 8
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STUDY AREA SIGNALIZED INTERSECTIONS
S o u rc e ;  I n te r s e c t io n  In v e n to ry  (BA A  1 9 9 4 )
P h a s e C a n d id a te
L V A C T S In te r s e c t io n R e s p . A p p ro a c h A s s ig n m e n t I n te r s e c t io n
In t.  # N a m e A g e n c y A p p ro a c h  N a m e D ire c t io n LT T h ru Y e s  o r  N o
1 1 7 D E SE R T  INN & C C P E C O S /M cL E O D N O R T H 3 8 Y ES
P E C O S /M cL E O D S O U T H 7 4
D ESER T INN E A S T 1 6
W E S T 5 2
4 5 1 D E SE R T  INN & C C R A IN B O W N O R T H 5 2 N O
R A IN B O W S O U T H 1 6
D ESER T INN E A S T 5
W E S T 8
1 1 8 D E S E R T  INN & C C SA N D H ILL N O R T H 4 N O
SA N D H IL L S O U T H 4
D ESER T INN EA ST 1 6
W E S T 5 2
4 7 4 D E SE R T  INN & C C VALLEY V IEW N O R T H 7 4 N O
VALLEY V IEW S O U T H 3 8
D ESER T INN E A S T 6
W E S T 2
1 1 9 EA ST E R N C C EA STER N N O R T H 7 4 Y ES
& F LA M IN G O S O U T H 3 8
FLA M IN G O EA S T 1 6
W E S T 5 2
1 2 0 EA STER N C LV EA STER N N O R T H 5 2 N O
& FR E M O N T S O U T H 1 6
FREM O N T N O R T H 4
S O U T H 4
4 6 6 E A S T E R N C C EA STER N N O R T H 5 2 N O
& H A C IE N D A S O U T H 1 6
H A C IE N D A E A S T 4
W E S T 4
3 7 6 EA ST E R N C C EA STER N N O R T H 5 2 N O
& H A R M O N S O U T H 1 6
H A R M O N E A S T 4
W E S T 4
3 4 2 E A S T E R N CLV EA STER N N O R T H 1 N O
& 1 -5 1 5 /U S  9 5 S O U T H 3 2
1-515 E A S T 4
3 4 3 EA ST E R N CLV EA STER N N O R T H 1 2 N O
& 1 -5 1 5 /U S  9 5 S O U T H 3
1-515
W E S T 4
2 2 3 E A S T E R N  & C C EA STER N N O R T H 1 6 NO
KAREN S O U T H 5 2
KAREN E A S T 4
W E S T 4
1 2 1 E A S T E R N  & CLV EA STER N N O R T H 3 8 N O
O A K EY S O U T H 7 4
OAK EY E A S T 6
W E S T 6
4 6 5 E A S T E R N  & C C EA STER N N O R T H 5 2 N O
REN O S O U T H 1 6
REN O E A S T 4
W E S T 4
3 6 6 E A S T E R N C C EA STER N N O R T H 5 2 N O
& RO CH ELLE S O U T H 1 6
RO CHELLE E A S T 4
W E S T 4
3 7 7 E A S T E R N  & C C EA STER N N O R T H 5 2 Y ES
R U SSE L L S O U T H 1 6
R U SSEL L E A S T 3 8
W E S T 7 4
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STUDY AREA SIGNALIZED INTERSECTIONS
S o u r c e :  I n te r s e c t io n  In v e n to ry  (B A A  1 9 9 4 )
P h a s e C a n d id a te
LV A C T S I n te r s e c t io n R e s p . A p p ro a c h A s s ig n m e n t In te r s e c t io n
In t. # N a m e A g e n c y A p p ro a c h  N a m e D ire c t io n LT T hru Y e s  o r  N o
1 2 2 E A STER N  & CLV EA STER N N O R T H 3 8 Y ES
S A H A R A S O U T H 7 4
S A H A R A E A S T 5 2
W E S T 1 6
4 1 0 EA S T E R N  & CLV E A STER N N O R T H 6 N O
SEA R LES S O U T H 2
SEA R LES E A S T 4
W E S T 4
1 2 3 E A STER N  & CLV E A STER N N O R T H 1 6 N O
S T . LO U IS S O U T H 5 2
S T . LO U IS E A S T 4
W E S T 4
1 2 4 EA STER N  & CLV EA STER N N O R T H 5 2 N O
S T E W A R T S O U T H 1 6
S T E W A R T E A S T 7 4
W E S T 3 8
3 5 4 EA STER N  & C C EA STER N N O R T H 7 4 Y ES
S U N S E T S O U T H 3 8
S U N S E T E A S T 1 6
W E S T 5 2
1 2 5 E A STER N  & T R O P IC A N A C C E A STER N N O R T H 3 8 Y ES
S O U T H 7 4
T R O P IC A N A E A S T 5 2
W E S T 1 6
1 2 6 E A STER N  & C C EA S T E R N N O R T H 5 2 NO
V E G A S  VALLEY S O U T H 1 6
V E G A S  V ALLEY E A S T 7 4
W E S T 3 8
3 7 5 EA STER N  & C C E A S T E R N N O R T H 5 2 N O
VIKING S O U T H 1 6
VIKING E A S T 4
W E S T 4
1 2 7 EA STER N CLV EA STER N N O R T H 5 2 N O
& W A S H IN G T O N S O U T H 1 6
W A S H IN G T O N E A S T 4
W E S T 3
2 6 1 F A S H IO N  S H O W C C LA S V E G A S  BLV N O R T H 1 6 N O
& LA S V E G A S  BLVD. S O U T H 5 2
F A S H IO N  S H O W E A S T 3 8
W E S T 7 4
2 6 3 F A S H IO N  S H O W C C FA S H IO N  S H O W N O R T H 4 N O
& S P R IN G  M O U N TA IN S O U T H 4
SPR IN G  M TN E A S T 1 6
W E S T 5 2
3 4 5 FLA M IN G O C C 1-15 N O
& 1-15  E A S T S O U T H 8
F LA M IN G O E A S T 6
W E S T 5 2
3 4 6 F LA M IN G O C C N O
& 1-15 W E S T
FLA M IN G O E A S T 1 2  -F l
W E S T 2
3 6 2 FLA M IN G O  & C C 1 -5 1 5 /U S  9 5 N O
1 -5 1 5 /U S  9 5  E A S T S O U T H 2
FLA M IN G O E A S T 1
W E S T 1
3 6 3 FLA M IN G O  & C C 1 -5 1 5 /U S  9 5 N O R T H 4 N O
1 -5 1 5 /U S  9 5  W E S T S O U T H 3
FLA M IN G O E A S T 1 2  +  1
W E S T 2
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STUDY AREA SIGNALIZED INTERSECTIONS
S o u rc e :  In te r s e c t io n  I n v e n to ry  (BA A  1 9 9 4 )
P h a s e C a n d id a te
L V A C T S I n te r s e c t io n R e s p . A p p r o a c h A s s ig n m e n t I n te r s e c t io n
In t. # N a m e A g e n c y A p p ro a c h  N a m e D ire c t io n LT T h ru Y es  o r  N o
9 8 FLA M IN G O  & J O N E S C C JO N E S N O R T H 7 4
S O U T H 3 8 Y ES
FLA M IN G O E A S T 1 6
W E S T 3 8
1 3 1 FL A M IN G O  & C C KOVAL N O R T H 7 4 NO
KOVAL S O U T H 3 8
FLA M IN G O E A S T 1 6
W E S T 5 2
1 3 2 FL A M IN G O  & C C LAS V E G A S  BLV N O R T H 3 8 Y ES
LA S V E G A S  BLVD. S O U T H 7 4
FLA M IN G O E A S T 1 6
W E S T 5 2
4 5 0 f l a m i n g o  & C C LINDELL N O R T H 6 NO
LINDELL S O U T H 2
FLA M IN G O E A S T 3 8
W E S T 7 4
133 f l a m i n g o C C M A RY LA N D N O R T H 3 8 Y ES
& M A R Y LA N D S O U T H 7 4
FLA M IN G O E A S T 1 6
W E S T 5 2
2 6 5 F LA M IN G O  & CC M O U N TA IN N O R T H 7 4 N O
M O U N T A IN  V IS T A S O U T H 3 8
FLA M IN G O E A S T 1 6
W E S T 5 2
2 FLA M IN G O  & C C NELLIS N O R T H 1 6 Y ES
NELLIS S O U T H 5 2
FLA M IN G O E A S T 3 S
W E S T 7 4
1 3 4 FLA M IN G O  & CC P A R A D ISE N O R T H 5 2 Y ES
P A R A D IS E S O U T H 1 6
FLA M IN G O E A S T 3 8
W E S T 7 4
1 3 5 F LA M IN G O  & CC P E C O S N O R T H 7 4 Y ES
P E C O S S O U T H 3 8
FLA M IN G O E A S T 1 6
W E S T 2 5
8 3 FLA M IN G O  & C C RA IN B O W N O R T H 7 4 YES
R A IN B O W S O U T H 3 8
FLA M IN G O E A S T 1 6
W E S T 5 2
3 1 6 FL A M IN G O  & CC RIO H OTEL N O R T H 6 N O
RIO H O T EL
FLA M IN G O E A S T 8
W E S T 7 4
2 6 6 FLA M IN G O  & C C SA N D H ILL N O R T H 7 4 Y E S
SA N D H IL L S O U T H 3 8
FLA M IN G O E A S T 1 6
W E S T 5 2
2 6 7 F L A M IN G O  & CC S PE N C E R N O R T H 8 N O
S P E N C E R S O U T H 8
FLA M IN G O E A S T 1 6
W E S T 5 2
2 6 8 F L A M IN G O  & C C S W E N S O N N O R T H 3 8 Y E S
S W E N S O N S O U T H 7 4
FLA M IN G O E A S T 1 6
W E S T 5 2
3 7 9 F L A M IN G O  & C C TO R R EY  PINES N O R T H 4 N O
TO R R EY  PIN E S S O U T H 4
FLA M IN G O E A S T 1 6
W E S T 5 2
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STUDY AREA SIGNALIZED INTERSECTIONS
S o u rc e :  I n te r s e c t io n  In v e n to ry  (BA A  1 9 9 4 )
P h a s e C a n d id a te
L V A C T S In te r s e c t io n R e s p . A p p ro a c h A s s ig n m e n t I n te r s e c t io n
In t.  tt N a m e A g e n c y A p p ro a c h  N a m e D ire c t io n LT T h ru Y e s  o r  N o
183 FL A M IN G O  & C C VALLEY V IEW N O R T H 5 2 Y ES
VALLEY V IEW S O U T H 1 6
FLA M IN G O E A S T 7 4
W E S T 3 a
3 2 9 FLA M IN G O  & C C W Y N N N O R T H 4 N O
W Y N N S O U T H 8
FLA M IN G O E A S T 1 6
W E S T 5 2
145 F R E M O N T  & C LV FR EM O N T N O R T H 5 2 Y ES
S A H A R A S O U T H 1 6
S A H A R A E A S T 7 8
W E S T 3 4
152 FR E M O N T  & C LV FREM O N T N O R T H 5 2 NO
S T  LO U IS S O U T H 1 6
S T  LOUIS E A S T 3 8
W E S T 7 4
1 4 H S T R E E T C L V H STR EE T N O R T H 2 N O
& LAKE M EA D S O U T H 2
LAKE M EA D E A S T 1
W E S T 1
X X X H A C IE N D A  & C C LA S V E G A S  BLV N O R T H 5 2 Y ES
L A S  V E G A S  BLVD. S O U T H 1 6
H A C IE N D A E A S T 3 8
W E S T 7 4
350 H A C IE N D A  & C C P E C O S N O R T H 5 2 N O
P E C O S S O U T H 1 6
H A C IE N D A E A S T 4
W E S T 4
X X X H A R M O N  & C C K OV A L N O R T H 3 8 N O
K O V A L S O U T H 7 4
H A R M O N E A S T 1 6
W E S T 5 2
1 5 3 H A R M O N  & C C LA S V E G A S  BLV N O R T H 1 6 N O
LA S V E G A S  BLVD. S O U T H 5 2
H A R M O N E A S T 8
2 7 3 H A R M O N  & C C M A RY LA N D N O R T H 1 6 N O
M A R Y L A N D S O U T H 5 2
H A R M O N E A S T 3 8
W E S T 7 4
154 H A R M O N  & C C P A R A D ISE N O R T H 1 6 N O
P A R A D IS E S O U T H 5 2
H A R M O N E A S T 3 8
W E S T 7 4
3 9 7 H A R M O N  & C C P E C O S N O R T H 5 2 N O
P E C O S S O U T H 1 6
H A R M O N E A S T 4
W E S T 4
2 5 9 H A R M O N C C SA N D H ILL N O R T H 1 N O
& S A N D H IL L S O U T H 1
H A R M O N E A S T 2
W E S T 2
2 9 3 H A R M O N  & C C S W E N S O N N O R T H 1 6 N O
S W E N S O N S O U T H 5 2
H A R M O N E A S T 8
W E S T 4
6 1 H A R R A H S /M IR A G E  & C C L A S  V E G A S  BLV N O R T H 1 6 N O
L A S  V E G A S  BLVD. S O U T H 2
H A R R A H S E A S T 4
M IR A G E W E S T 4
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STUDY AREA SIGNALIZED INTERSECTIONS
Source; Intersection Inventory (BAA 1994)
L V A C T S  
In t. #
I n te r s e c t io n
N a m e
R e s p .
A g e n c y A p p ro a c h  N a m e
A p p ro a c h
P h a s e
A s s ig n m e n t
C a n d id a te
I n te r s e c t io n
D ire c t io n LT T h ru Y e s  o r  N o
3 3 4 H A R R IS  & C C NELLIS N O RTH 1 6 N O
NELLIS S O U T H 5 2
H A R R IS E A S T 4
W E S T 4
X X X H A S T IN G /l-1 5  S B  R A M P CLV M .L . KING N O RTH 2 N O
& M .L . KING S O U T H 2
1-15 S O U T H 1
X X X H IG H LA N D  & CLV H IG H LA N D N O R T H 1 N O
PR ESID IO S O U T H 1
PR ESID IO E A S T 2
W E S T 2
1 6 0 H IG H LA N D  & C C H IGH LA N D N O RTH 3 8 N O
SPR IN G  M O U N TA IN S O U T H 7 4
S PR IN G  M TN E A S T 5 2
W E S T 1 6
4 4 H O M E D E PO T  & CLV RA IN B O W N O R T H 2 N O
RA IN B O W S O U T H 1 6
H O M E  D E PO T W E S T 4
3 8 4 H U G H E S  PA R K W A Y C C H U G H E S  PKW Y N O R T H 3 N O
& S A N D S S O U T H 3
S A N D S EA ST 1 6
W E S T 5 2
1 6 2 1-15 & CLV N O
S A H A R A  E A S T 1-15 S O U T H 4
S A H A R A EA S T 2
W E S T 3 2  +  3
1 6 3 1-15 & CLV 1-15 N O R T H N O
S A H A R A  W E S T 4
S A H A R A E A S T 2
W E S T 3 2  +  3
1 6 4 1-15 & C C 1-15 N O RTH 4 NO
S PR IN G  M O U N TA IN
S P R IN G  M TN EA S T 3 2
W E S T 2
1 6 7 1-15 & C C 1-15 N O R T H 7 NO
T R O P IC A N A S O U T H 3 2
T R O P IC A N A EA ST 3 8
W E S T 7 4
1 7 2 1-5 1 5  /U S  9 5  & CLV J O N E S N O R T H 2 N O
JO N E S S O U T H 3 2  +  3
1 -5 1 5  N B R A M P E A S T 4
1 7 1 1-515 /U P L A N D  & CLV JO N E S N O R T H 5 2 N O
JO N E S S O U T H 1 6
U PLA N D E A S T 8
1 -5 1 5  S B  R A M P 4
1 5 6 1 -5 1 5 /U S  9 5  & CLV M .L . KING N O R T H 2 N O
M .L . KING N O RTH S O U T H 2
1 -5 1 5  R A M P E A S T 1
1 5 7 1 -5 1 5 / U S  9 5  & CLV M .L . KING N O R T H 2 N O
M .L . KING S O U T H S O U T H 1 2 + 1
2 7 8 1 -5 1 5 /U S  9 5  & CLV R A IN B O W N O R T H 5 2 N O
R A IN B O W  N O RTH S O U T H 1 6
SILV ER  S T R E A M E A S T 4
1-515 W E S T 3
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STUDY AREA SIGNALIZED INTERSECTIONS
Source: Intersection Inventory I BAA 1994)
L V A C T S  
In t. #
In te r s e c t io n
N a m e
R e s p .
A g e n c y A p p ro a c ti  N a m e
A p p ro a c h
P h a s e
A s s ig n m e n t
C a n d id a te
In te r s e c t io n
D ire c t io n LT T h ru Y e s  o r  N o
2 7 9 1-515  & CLV RA IN BO W N O R T H 5 2 NO
R A IN B O W  S O U T H S O U T H 6
1-515 W E S T 4
1 9 9 1 -5 1 5 /U S  9 5  & CLV R A N C H O N O RTH 2 N O
R A N C H O  N ORTH S O U T H 1 2  +  1
1-515 E A S T 4
2 0 1 1 -5 1 5 /U S  9 5  & CLV R A N C H O N O R T H 1 2  +  1 NO
R A N C H O  S O U T H S O U T H 2
1-515
W E S T 4
3 6 4 1 -5 1 5 /U S  9 5  & CC NO
T R O P IC A N A  EA ST 1 -5 1 5 /U S  9 5 S O U T H 3
T R O P IC A N A E A S T 2
W E S T 1 2  +  1
3 6 5 1 -5 1 5 /U S  9 5  & CC 1 -5 1 5 /U S  9 5 N O R T H 3 N O
T R O P IC A N A  W E S T
T R O P IC A N A E A S T 1 2  +  1
W E S T 2
2 0 0 1 -5 1 5 /U S  9 5  & CLV VALLEY V IEW N O R T H 2 NO
VALLEY V IEW  N O RTH S O U T H 1 2  +  1
1-515 E A S T 4
2 0 2 1 -5 1 5 /U S  9 5  & CLV VALLEY V IEW N O R T H 2 NO
VALLEY V IEW  S O U T H S O U T H 1 2  +  1
1-515 W E S T 4
2 9 8 IN D U S T R IA L /N O R T H  BRID GE & CLV IN D U STR IA L N O RTH 2 NO
S A H A R A  N O R T H S O U T H 2
S A H A R A E A S T 8
2 9 9 IN D U S T R IA L /S O U T H  BRID GE & CLV IN D U STRIA L N O R T H 2 NO
S A H A R A  S O U T H S O U T H 2
S A H A R A E A S T 8
1 6 8 IN D U STR IA L & C C IN D U STRIA L N O R T H 1 6 Y ES
S PR IN G  M O U N TA IN S O U T H 5 2
S PR IN G  M TN E A S T 3 8
W E S T 7 4
4 7 5 IN D U STR IA L & C C IN D U STRIA L N O R T H 3 8 NO
S T A R D U S T  R O A D S O U T H 4
S T A R D U S T  RD E A S T 1
4 7 6 IN D U STR IA L & C C IN D U STR IA L N O R T H 1 6 NO
S T A R D U S T  H O TEL S O U T H 5 2
S T A R D U S T  HTL E A S T 8
W E S T 4
1 6 9 IN D U STR IA L & C C IN D U STR IA L N O R T H 1 6 N O
T R O P IC A N A S O U T H 5 2
T R O P IC A N A E A S T 3 8
W E S T 7 4
2 9 2 J O E  W . B R O W N  & C C J O E  B RO W N N O R T H 1 6 N O
KAREN S O U T H 5 2
KAREN E A S T 3 8
W E S T 7 4
4 3 1 J O E  W . B R O W N /S A N T A  R IT A  8 CLV N O
S A H A R A J O E  W . B RO W N S O U T H 6
S A H A R A E A S T 3 8
W E S T 4
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STUDY AREA SIGNALIZED INTERSECTIONS
Source: In tersection Inventory (BAA 1994)
L V A C T S  
In t. tt
I n te r s e c t io n
N a m e
R e s p .
A g e n c y A p p ro a c h  N a m e
A p p ro a c h
P h a s e
A s s ig n m e n t
C a n d id a te
I n te r s e c t io n
D ire c t io n LT T h ru Y e s  o r  N o
4 1 3 JO N E S  & CLV JO N E S N O R T H 5 2 N O
LAKE M EA D S O U T H 1 6
LAKE M EA D E A ST 8
W E S T 4
1 8 5 J O N E S C LV JO N E S N O R T H 1 6 N O
& O AK EY S O U T H 5 2
OAKEY E A S T 4
W E S T 8
2 7 4 J O N E S  & C C J O N E S N O R T H 1 6 Y ES
S A H A R A S O U T H 5 2
S A H A R A E A S T 3 8
W E S T 7 4
3 0 2 J O N E S  & C C JO N E S N O R T H 1 6 N O
S P R IN G  M O U N T A IN S O U T H 5 2
SPR IN G  M TN E A S T 3 8
W E S T 7 4
3 9 0 J O N E S  & C C JO N E S N O R T H 5 2 N O
T R O P IC A N A S O U T H 1 6
T R O P IC A N A E A S T 3 8
W E S T 7 4
4 6 3 JO N E S C C J O N E S N O R T H 1 6 N O
& T W A IN S O U T H 5 2
T W A IN E A S T 8
W E S T 4
2 7 6 J O N E S  & CLV JO N E S N O R T H 5 2 N O
V E G A S  D R . S O U T H 1 6
V E G A S  DR E A S T 4
W E S T 4
2 7 7 J O N E S  & CLV JO N E S N O R T H 5 2 N O
W A S H IN G T O N S O U T H 1 6
W A S H IN G T O N E A S T 4
W E S T 4
1 7 3 KAREN  & C C M A RY LA N D N O R T H 5 2 N O
M A R Y LA N D  PKY S O U T H 1 6
KAREN E A S T 3 8
W E S T 7 4
3 9 8 KAREN C C M cLEO D N O R T H 4 N O
& M cL E O D S O U T H 4
KAREN E A S T 2
W E S T 2
1 7 4 K AREN  & C C P A R A D ISE N O R T H 1 6 N O
P A R A D IS E S O U T H 2
KAREN E A S T 4
3 0 0 K IT T Y H A W K /S W E N S O N C C P A R A D ISE N O R T H 6 N O
& P A R A D IS E S O U T H 5
KITTY H A W K E A S T 4
4 2 7 K IN G S W A Y  & C L V R A N C H O N O R T H 2 N O
R A N C H O S O U T H 1 6
K IN G SW A Y W E S T 7
2 4 5 K O V A L & C C Y ES
S A N D S K O V A L S O U T H 4
S A N D S E A S T 5 2
W E S T 1 6
1 7 6 K O V A L & C C K OV A L N O R T H 4 Y ES
T R O P IC A N A S O U T H 4
T R O P IC A N A E A S T 5 2
W E S T 1 6
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STUDY AREA SIGNALIZED INTERSECTIONS
Source: Interseciion Inventory (BAA 19941
L V A C T S  
In t .  #
In te r s e c t io n
N a m e
R e s p .
A g e n c y A p p ro a c h  N a m e
A p p ro a c h
P h a s e
A s s ig n m e n t
C a n d ir la te
I n te r s e c t io n
D ire c t io n LT T h ru Y e s  o r  N o
4 4 7 LAKE M EA D  & CC LAM B N O R T H 7 4 NO
LAM B S O U T H 3 8
LAKE M EA D E A S T 1 6
W E S T 5 2
1 7 7 LAKE M EA D  & NLV LA S V E G A S  BLV N O R T H 7 4 NO
LA S V E G A S  BLVD S O U T H 3 8
LA M E M EA D E A S T 1 6
W E S T 5 2
1 7 LAKE M EA D  & NLV M cD A N IEL N O R T H 4 N O
M cD A N IEL S O U T H 4
LAKE M EA D E A S T 5 2
W E S T 1 6
3 4 9 LAKE M EA D  & CLV M .L . KING N O R T H 1 6 NO
M .L . KING S O U T H 5 2
LAKE M EA D E A S T 3 8
W E S T 7 4
3 3 6 LAKE M EA D  & C C NELLIS N O R T H 5 2 YES
NELLIS S O U T H 1 6
LAKE M EA D E A S T 7 4
W E S T 3 8
1 8 0 LAKE M EA D  & NLV P E C O S N O R T H 3 8 NO
P E C O S S O U T H 7 4
LAKE M EA D E A S T 1 6
W E S T 5 2
X X X LAKE M EA D  & CLV R A IN B O W N O R T H 5 2 NO
R A IN B O W S O U T H 1 6
LAKE M EA D E A S T 3 8
W E S T 7 4
4 3 2 LAKE M EA D  & CLV R A N C H O N O R T H 5 2 NO
R A N C H O S O U T H 1 6
LAKE M EA D E A S T 3 8
W E S T 7 4
4 0 6 LAM B CLV LAM B N O R T H 5 2 N O
& O W E N S S O U T H 1 6
O W E N S E A S T 3 8
W E S T 7 4
3 8 5 LAM B CLV LA M B N O R T H 7 4 NO
& S A H A R A S O U T H 3 8
S A H A R A E A S T 1 6
W E S T 5 2
1 8 2 LA M B & CLV LAM B N O R T H 3 8 N O
S T E W A R T S O U T H 7 4
S T E W A R T E A S T 1 6
W E S T 5 2
3 8 6 LA M B & C C LA M B N O R T H 5 2 N O
V E G A S  VALLEY S O U T H 1 6
V E G A S  V ALLEY E A S T 4
W E S T 4
3 0 1 LA M B & CLV LA M B N O R T H 6 N O
W A S H IN G T O N S O U T H 2
W A S H IN G T O N E A S T 4
W E S T 3
4 2 5 LA M B & C C LA M B N O R T H 5 2 N O
W Y O M IN G S O U T H 1 6
W Y O M IN G E A S T 4
W E S T 4
61 L A S  V E G A S  BLVD & C C N O R T H N O
S A N D S /M IR A G E S O U T H
/B U C H . (NEW ) E A S T
W E S T
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STUDY AREA SIGNALIZED INTERSECTIONS
Source: Intersection Inventory (BAA 1994)
L V A C T S  
In t. #
I n te r s e c t io n
N a m e
R e s p .
A g e n c y A p p ro a c h  N a m e
A p p ro a c h
P h a s e
A s s ig n m e n t
C a n d id a te
In te r s e c t io n
D ire c t io n LT T h ru Y e s  o r  N o
4 0 4 L A S  V E G A S  BLVD CC LA S V E G A S  BLV N O R T H 1 6 Y ES
& RENO S O U T H 5 2
REN O E A S T 3 8
W E S T 7 4
1 9 1 L A S  V E G A S  BLVD CLV LA S V E G A S  BLV N O R T H 1 6 NO
& S A H A R A S O U T H 5 2
S A H A R A E A S T 3 8
W E S T 7 4
1 9 2 LA S  V E G A S  BLVD & C C LA S V E G A S  BLV N O R T H 1 6 Y ES
S A N D S /S P R IN G  M TN S O U T H 5 2
S A N D S E A S T 3 8
S PR IN G  M TN W E S T 7 4
XXX X L A S  V E G A S  BLVD CC LA S V E G A S  BLV N O R T H Y ES
& S U N S E T S O U T H
N E W S U N S E T E A S T
1 9 5 LA S  V E G A S  BLVD & C C LA S V E G A S  BLV N O R T H 1 6 Y ES
T R O P IC A N A S O U T H 5 2
T R O P IC A N A E A S T 3 8
W E S T 7 4
1 5 8 M .L . KING & CLV M .L . KING N O R T H 3 8 N O
O W E N S S O U T H 7 4
O W E N S E A S T 5 2
W E S T 1 6
16 1 M .L . KING • CLV M .L . KING N O R T H 1 6 N O
W A S H IN G T O N S O U T H 5 2
W A S H IN G T O N E A S T 8
W E S T 4
4 6 7 M A R Y L A N D  & C C M A RY LA N D N O R T H 4 N O
R U SS E L L
RU SSEL L E A S T 6
W E S T 5 2
2 1 1 M A R Y L A N D  & CLV M ARY LA N D N O R T H 7 4 Y ES
S A H A R A S O U T H 3 8
SA H A R A E A S T 1 6
W E S T 5 2
3 7 4 M A R Y LA N D C C M ARY LA N D N O R T H 5 2 NO
& S IE R R A  V IS T A S O U T H 1 6
SIER R A  V IST A E A S T 4
W E S T 4
2 1 4 M A R Y L A N D  & C C M A RY LA N D N O RTH 1 6 NO
S U N R IS E  H O S P IT A L S O U T H 5 2
S U N R IS E E A S T 4
W E S T 4
2 1 5 M A R Y L A N D  & C C M A RY LA N D N O R T H 5 2 YES
T R O P IC A N A S O U T H 1 6
TR O P IC A N A E A S T 7 4
W E S T 3 8
2 1 6 M A R Y LA N D  & C C M A RY LA N D N O R T H 5 2 Y E S
T W A IN S O U T H 1 6
T W A IN E A S T 7 4
W E S T 3 8
2 8 0 M A R Y LA N D C C M A RY LA N D N O R T H 2 N O
& U N IV ER SITY S O U T H 1 6
U NIV ERSITY
W E S T 4
2 1 7 M A R Y LA N D CC M A RY LA N D N O R T H 5 2 NO
&  V E G A S  VALLEY S O U T H 1 6
V E G A S  VALLEY E A S T 7 4
W E S T 3 8
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STUDY AREA SIGNALIZED INTERSECTIONS
S o u rc e :  I n te r s e c t io n  In v e n to ry  (BA A  1 9 9 4 )
P h a s e C a n d id a te
L V A C T S In te r s e c t io n R e s p . A p p ro a c h A s s ig n m e n t In te r s e c t io n
In t. # N a m e A g e n c y A p p ro a c h  N a m e D ire c tio n LT T h ru Y e s  o r  N o
2 1 8 M cLEO D  & CLV M cLEO D N ORTH 4 N O
SA H A R A SO U T H 3
S A H A R A EA ST 1 6
W E S T 5 2
4 1 1 M cLEO D  & C C M cLEO D N O RTH 2 NO
T R O P IC A N A S O U T H 2
TR O P IC A N A EA ST 7 4
W E S T 3 8
X X X M E A D O W S  LANE & CLV M E A D O W S  M L N ORTH 4 N O
M E A D O W S  M ALL
M E A D O W S  LN EA ST 2
W E S T 1 2  +  1
2 5 3 M E A D O W S  LANE & CLV VALLEY V IEW N O RTH 1 N O
VALLEY V IEW S O U T H 3 1 +  3
M E A D O W S  LANE W E S T 2
2 9 6 M E A D O W S  M ALL & CLV VALLEY V IEW N O RTH 1 N O
VALLEY V IEW S O U T H 3 1 +  3
M E A D O W S  ML W E S T 2
X XX M G M /S A N  REM O  & C C N EW N O
TR O P IC A N A
X XX M O JA V E  & CLV N O
O W E N S M O JA V E S O U T H 4
O W E N S EA S T 1 3  +  1
W E S T 3
2 8 1 M O JA V E /T W A IN  & C C P E C O S-M cL E O D N O RTH 1 6 N O
P E C O S -M cL E O D  N O R T H S O U T H 5 2
TW A IN EA S T 4
M O JA V E W E S T 4
2 8 2 M O JA V E /T W A IN  & CC P E C O S-M cL E O D N O RTH 1 6 N O
PE C O S -M cL E O D  S O U T H S O U T H 5 2
TW A IN E A S T 4
M O JA V E W E S T 4
3 9 4 M O JA V E  & CLV M O JA V E N O RTH 4 NO
S A H A R A S O U T H 4
S A H A R A E A S T 5 2
W E S T 1 6
X X X M O JA V E CLV M O JA V E N O RTH 7 4 N O
& S T E W A R T S O U T H 3 8
ST E W A R T E A S T 2
W E S T 6
4 1 2 M O JA V E C C M O JA V E N O R T H 5 2 N O
& T R O P IC A N A S O U T H 1 6
TR O P IC A N A EA S T 7 4
W E S T 3 8
XX X M O JA V E C LV M O JA V E N O R T H 2 N O
&  W A S H IN G T O N S O U T H 2
W A S H IN G T O N E A S T 3
W E S T 4
2 2 1 M O U N T A IN  V IE W  & C C M O U N T A IN  V W N O R T H 3 8 Y ES
T R O P IC A N A S O U T H 7 4
T R O P IC A N A E A S T 5 2
W E S T 1 6
3 3 5 NELLIS & C C NELLIS N O RTH 1 6 NO
O W E N S S O U T H 5 2
O W E N S EA S T 4
W E S T 8
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STUDY AREA SIGNALIZED INTERSECTIONS
S o u rc e :  I n te r s e c t io n  In v e n to ry  (B A A  1 9 9 4 )
P h a s e C a n d id a te
L V A C T S I n te r s e c t io n R e s p . A p p ro a c h A s s ig n m e n t I n te r s e c t io n
In t. # N am e A g e n c y A p p ro a c h  N a m e D ire c t io n LT T h ru Y e s  o r  N o
3 3 3 N ELU S C C NELLIS N O R T H 1 6 Y ES
& SA H A R A S O U T H 6 2
S A H A R A E A S T 7 4
W E S T 3 8
2 2 4 NELLIS C C NELLIS N O R T H 1 6 NO
& S T E W A R T S O U T H 5 2
S T E W A R T E A S T ■ 3 8
W E S T 7 4
2 2 5 NELLIS C C NELLIS N O R T H 1 6 Y ES
& T R O P IC A N A S O U T H 5 2
T R O P IC A N A E A S T 3 8
W E S T 7 4
3 8 2 NELLIS C C NELLIS N O R T H 5 2 N O
& TW A IN S O U T H 6
T W A IN E A S T 4
3 3 2 NELLIS C C NELLIS N O R T H 1 6 N O
& V E G A S  VALLEY S O U T H 5 2
V E G A S  VALLEY E A S T 4
W E S T 4
4 2 9 OAKEV CLV R A IN B O W N O R T H 5 2 YES
& RA IN BO W S O U T H 1 6
O AK EY E A S T 4
W E S T 4
2 2 6 OAKEY CLV R A N C H O N O R T H 5 6 NO
& R A N C H O S O U T H 1 2
O AK EY E A S T 3 8
W E S T 7 4
2 2 7 OAK EY CLV VALLEY V IEW N O R T H 1 6 N O
& VALLEY V IEW S O U T H 6 2
O AK EY E A S T 3 8
W E S T 7 4
3 3 0 O W E N S NLV P E C O S N O R T H 3 8 Y ES
& P E C O S S O U T H 7 4
O W E N S E A S T 5 2
W E S T 1 6
2 2 0 PA L A C E  S T A T IO N CLV NO
& S A H A R A PA L A C E  S T N S O U T H 6
S A H A R A E A S T 3 8
W E S T 4
2 3 3 P A R A D ISE  & C C P A R A D IS E N O R T H 5 2 N O
RIVIERA S O U T H 1 6
RIVIERA E A S T 4
W E S T 4
2 3 6 P A R A D IS E  & CLV P A R A D IS E N O R T H 1 6 Y E S
S A H A R A S O U T H 5 2
S A H A R A E A S T 3 8
W E S T 7 4
2 3 7 P A R A D ISE C C P A R A D IS E N O R T H 5 2 Y E S
& S A N D S /T W A IN S O U T H 1 6
T W A IN E A S T 3 8
S A N D S W E S T 7 4
6 2 P A R A D ISE  & C C N O
S U N S E T P A R A D IS E S O U T H 4
S U N S E T E A S T 1 6
W E S T 2
2 3 8 PA R A D ISE C C P A R A D IS E N O R T H 4 Y ES
& T R O P IC A N A
T R O P IC A N A E A S T 1 6
W E S T 2
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STUDY AREA SIGNALIZED INTERSECTIONS
Source: Intersection Inventory (BAA 1994)
L V A C T S  
In t. #
I n te r s e c t io n
N a m e
R e s p .
A g e n c y A p p ro a c h  N a m e
A p p ro a c h
P h a s e
A s s ig n m e n t
C a n d id a te
I n te r s e c t io n
D ire c t io n LT T h ru Y e s  o r  N o
X X X P A T R IC K  & C C P E C O S N O R T H 5 2 N O
P E C O S S O U T H 1 6
PA T R IC K E A S T 4
W E S T 8
4 4 2 P E C O S  & C C P E C O S N O R T H 5 2 N O
REN O S O U T H 1 6
RENO E A S T 4
W E S T 8
3 5 1 P E C O S C C P E C O S N O R T H 5 2 N O
& R U SSEL L S O U T H 1 6
R U SSEL L E A S T 7 4
W E S T 3 8
X XX P E C O S CLV P E C O S N O R T H 4 N O
& S T E W A R T S O U T H 8
S T E W A R T E A S T 2
W E S T 6
3 5 3 P E C O S C C P E C O S N O R T H 7 4 Y ES
& S U N S E T S O U T H 3 8
S U N S E T E A S T 1 6
W E S T 5 2
2 3 9 P E C O S C C P E C O S N O R TH 7 4 Y E S
& T R O P IC A N A S O U T H 3 8
T R O P IC A N A E A S T 1 6
W E S T 5 2
X X X P E C O S CLV P E C O S N O R TH 7 4 N O
&  W A S H IN G T O N S O U T H 3 8
W A S H IN G T O N E A S T 2
W E S T 1
2 8 3 PE N N W O O D CLV VALLEY V IEW N O R T H 2 N O
& V A LLEY  V IEW S O U T H 1 6
PEN N W O O D W E S T 4
2 8 4 P O L A R IS C C PO L A R IS N O R T H 4 N O
& S P R IN G  M O U N TA IN S O U T H 8
S P R IN G  M TN E A S T 5 2
W E S T 1 6
2 2 R A IN B O W  & C C R A IN B O W N O R T H 5 2 Y ES
S A H A R A S O U T H 1 6
S A H A R A E A S T 7 4
W E S T 3 8
6 0 R A IN B O W  & C C R A IN B O W N O R T H 5 2 Y ES
S P R IN G  M O U N TA IN S O U T H 1 6
S PR IN G  M TN E A S T 7 4
W E S T 3 8
4 2 3 R A IN B O W  & C C R A IN B O W N O R T H 7 4 N O
S P R IN G  V ALLEY  N O R T H S O U T H 3 8
S P R IN G  VALLEY E A S T 2
W E S T 2
2 5 0 R A IN B O W  & C C R A IN B O W N O R T H 7 4 N O
S P R IN G  V ALLEY  S O U T H S O U T H 3 8
S P R IN G  VALLEY E A S T 6
W E S T 2
3 9 2 R A IN B O W C C R A IN B O W N O R T H 7 4 Y E S
&  T R O P IC A N A S O U T H 3 8
T R O P IC A N A E A S T 5 2
W E S T 1 6
2 7 1 R A IN B O W CLV R A IN B O W N O R T H 5 2 Y E S
&  W E ST C L IF F S O U T H 1 6
W E ST C L IF F E A S T 7 4
W E S T 3 8
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STUDY AREA SIGNALIZED INTERSECTIONS
Source: Intersection Inventory (BAA 1994)
L V A C TS 
In t. tt
In te r s e c t io n
N a m e
R e s p .
A g e n c y A p p ro a c h  N a m e
A p p ro a c h
P h a s e
A s s ig n m e n t
C a n d id a te
I n te r s e c t io n
D ire c tio n LT T h ru Y e s  o r  N o
2 4 0 R A N C H O CLV R A N C H O N O RTH 3 YES
& SA H A R A S O U T H 4
S A H A R A EA S T 1 6
W E S T 5 2
2 3 2 R A N C H O CLV R A N C H O N O RTH 5 2 NO
& V E G A S  DRIVE S O U T H 1 6
V E G A S EA S T 4
W E S T 4
2 4 1 R A N C H O CLV R A N C H O N O RTH 5 2 NO
& W A S H IN G T O N S O U T H 1 6
W A S H IN G T O N EA S T 4
W E S T 4
2 8 7 R Y E /S P A N IS H  O A K S CLV S P A N IS H  O A K S N O RTH 4 NO
& S A H A R A RYE S O U T H 4
S A H A R A EA ST 1 6
W E S T 5 2
2 4 2 RICHFIELD & CLV RICHFIELD N O RTH 4 N O
S A H A R A S O U T H 4
S A H A R A EA S T 1 6
W E S T 5 2
X X X S A H A R A C C SA N D H ILL N O R TH 2 NO
& SAN D HILL S O U T H 2
S A H A R A E A S T 7 4
W E S T 3 8
3 0 4 S A H A R A  & CLV TED D Y N O RTH 4 N O
TEDD Y S O U T H 4
S A H A R A E A S T 5 2
W E S T 1 6
4 0 8 S A H A R A CLV T O R R EY  PINES N O RTH 4 N O
& TO RREY  PINES S O U T H 4
S A H A R A E A S T 1 5
W E S T 5 2
2 4 3 S A H A R A CLV VALLEY VIEW N O R TH 3 8 Y ES
& VALLEY V IEW S O U T H 7 4
S A H A R A E A S T 1 6
W E S T 5 2
2 4 4 SAN D HILL C C S A N D H IL L N O RTH 4 NO
& T R O P IC A N A S O U T H 4
T R O P IC A N A EA S T 1 2
W E S T 5 6
3 7 3 SIER R A  V IS T A  & C C S W E N S O N N O R T H 2 NO
S W E N S O N S O U T H 2
SIE R R A  V IST A E A S T 4
W E S T 4
3 5 9 SIR IU S CLV V ALLEY  V IEW N O R TH 1 6 N O
& VALLEY V IEW S O U T H 5 2
S IR IU S E A S T 4
W E S T 4
7 S PE N C E R C C S P E N C E R N O RTH 4 N O
& T R O P IC A N A S O U T H 4
T R O P IC A N A E A S T 1 6
W E S T 5 2
4 7 3 S P R IN G  M O U N TA IN  & C C TO R R EY  PIN ES N O R TH 8 N O
TO RREY  PINES S O U T H 4
S P R IN G  M TN E A S T 1 6
W E S T 5 2
2 4 7 SPR IN G  M O U N TA IN  & C C V ALLEY  V IEW N O R T H 3 8 Y ES
VALLEY VIEW S O U T H 7 4
S P R IN G  M TN EA S T 1 6
W E S T 5 2
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STUDY AREA SIGNALIZED INTERSECTIONS
S o u rc e :  In te r s e c t io n  In v e n to ry  (BA A  1 9 9 4 1
P h a s e C a n d id a te
LV A C T S In te r s e c t io n R e s p . A p p ro a c h A s s ig n m e n t In te r s e c t io n
In t. # N a m e A g e n c y A p p ro a c h  N a m e D ire c t io n LT T h ru Y e s  o r  N o
2 8 8 S PR IN G  M O U N TA IN  & C C W Y N N N O R T H 8 NO
W Y N N S O U T H 2
SPR IN G  M TN E A S T 1 6
W E S T 5 2
2 9 4 S W E N S O N CC YES
& T R O P IC A N A S W E N S O N S O U T H 2
T R O PIC A N A E A S T 8
W E S T 7 4
2 4 9 S W E N S O N  & C C S W E N S O N N O R T H 1 6 YES
T W A IN S O U T H 5 2
TW A IN E A S T 3 8
W E S T 7 4
4 5 2 T A M A R U S C C NO
& T R O P IC A N A T A M A R U S S O U T H 4
T R O P IC A N A E A S T 1 6
W E S T 5 2
4 5 3 T O P A Z CC T O PA Z N O R T H 4 NO
& T R O P IC A N A S O U T H 4
T R O PIC A N A E A S T 1 6
W E S T 5 2
3 9 1 TO R R EY  PIN ES C C TO RREY  PINES N O R T H 4 NO
& T R O P IC A N A S O U T H 8
T R O P IC A N A E A S T 5 2
W E S T 1 6
3 5 8 T R O P IC A N A CC N EW N O R T H NO
& T R O P IC A N A  H O TEL S O U T H
E A S T
W E S T
2 8 9 T R O P IC A N A C C VALLEY VIEW N O R T H 1 6 Y ES
& VALLEY V IEW S O U T H 5 2
TR O P IC A N A E A S T 3 8
W E S T 7 4
4 2 4 T R O P IC A N A C C W ILBUR N O R T H 4 NO
& W ILBUR S O U T H 4
TR O P IC A N A E A S T 1 6
W E S T 5 2
2 9 0 T R O P IC A N A  & CC W Y N N N O R T H 2 NO
W Y N N
T R O PIC A N A E A S T 8
W E S T 7 4
3 7 0 T W A IN  & C C VALLEY V IEW N O R T H 5 2 NO
V ALLEY  V IEW S O U T H 1 8
TW A IN E A S T 4
W E S T 4
3 9 9 V ALLEY  V IEW  & CC VALLEY V IEW N O R T H 5 2 Y ES
VIKING S O U T H 1 6
VIKING E A S T 7 4
W E S T 3 8
4 5 5 VALLEY V IEW  & CLV VALLEY V IEW N O R T H 2 N O
V ILLA G E S O U T H 1 6
VILLAGE W E S T 4
2 9 5 VALLEY V IEW  & CLV NO
W A S H IN G T O N VALLEY V IEW S O U T H 3
W A S H IN G T O N E A S T 1 2  +  1
W E S T 2
T o ta l N u m b e r  o f  I n te r s e c t io n s  =  3 1 4
T o ta l N u m b e r  o f  C a n d id a te  I n te r s e c t io n s  fo r  F u r th e r  S tu d y  =  7 5
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2 1 6
SINGLE LEFT
INTERSECTION
INTERSECTION GEOMETRY
INT #0F  TURN AVG
ANGLE RECEIVE RADIUS BAY
LANES LENGTH
(a) (nol) (r) (b)
BAY
TAPER
(t)
MARYLAND PKY / 
TROPICANA AVE
NB
EB
90
87
3
3
50
50
200
200
CL
CL
SAHARA AVE / 
JONES BLVD
NB
WB
89
90
3
3
65
55
375
200
100
100
VALLEY VIEW BL / 
CHARLESTON BL
NB
EB
82
98
3
2
45
50
150
200
100
75
RAINBOW BL/ 
CHARLESTON BL
NB 93 3 60 180 100
WB 88 3 70 180 100
EB 88 3 70 450 100
TROPICANA AVE / 
PECOS RD
NB
SB
89
86
3
3
50
50
410
285
CL
CL
FLAMINGO RD / 
PARADISE RD
SB
WB
96
82
3
2
60
60
200
250
CL
100
EASTERN AVE / 
FLAMINGO RD
NB 91 55 200 CL
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
2 1 7
INTERSECTION GEOMETRY
INT #0F TURN AVG BAY
SINGLE LEFT ANGLE RECEIVE RADIUS BAY TAPER
INTERSECTION LANES LENGTH
(a) (nol) (r) (b) (t)
TROPICANA AVE !
KOVAL LN
WB 89 2 65 165 80
FLAMINGO RD /
LAS VEGAS BL
EB 89 3 40 400 100
VALLEY VIEW BL /
SAHARA AVE
NB 92 3 50 200 CL
SPRING MT RD /
DECATUR AVE
WB 88 3 55 200 CL
WESTCLIFF WY /
RAINBOW BL
NB 92 2 60 200 100
SAHARA AVE /
MARYLAND PKY
SB 89 3 50 250 50
CHARLESTON BL/
NELLIS BL
EB 91 3 60 200 250
SPRING MTRD/
VALLEY VIEW BL
WB 90 2 50 200 CL
PECOS RD /
DESERT INN RD
NB 91 2 60 270 360
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
INTERSECTION GEOMETRY
2 1 8
DUAL LEFT
INTERSECTION
INT #0F  TURN AVG BAY
ANGLE RECEIVE RADIUS BAY TAPER 
LANES LENGTH
(a) (nol) (r) (b) (t)
MARYLAND PKY / 
FLAMINGO RD
NB 91 3 50 305 CL
SB 86 3 50 225 125
EB 93 3 60 350 100
WB 91 3 60 230 100
DECATUR BL / 
SAHARA AVE
NB 89 3 60 250 125
SB 91 3 60 200 300
EB 89 3 60 175 125
WB 91 3 70 175 125
SAHARA AVE / 
RAINBOW BL
SB
WB
92
89
3
3
65
70
350
225
150
100
DECATUR BL / 
MEADOWS LN
SB
WB
88
92
2
3
60
65
480
300
110
70
MARYLAND PKY/ 
DESERT INN RD
SB
WB
91
91
3
3
35
50
295
210
CL
CL
SAHARA AVE/ 
VALLEY VIEW BL
EB
WB
90
88
2
2
50
50
180
275
150
140
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INTERSECTION GEOMETRY
2 1 9
DUAL LEFT
INTERSECTION
INT #0F  TURN AVG BAY
ANGLE RECEIVE RADIUS BAY TAPER 
LANES LENGTH
(a) (nol) (r) (b) (t)
FLAMINGO RD / 
PECOS RD
SB
WB
90
89
3
2
65
70
250
200
330
325
LAS VEGAS BL I  
TROPICANA AVE
NB 90 4 110 900 165
EB 90 3 110 540 120
WB 90 4 110 245 125
PECOS RD / 
TROPICANA AVE
WB 90 50 255 125
DECATUR BL I  
CHARLESTON BL
NB 90 55 180 125
SAHARA AVE / 
MARYLAND PKY
NB 90 65 305 CL
CHARLESTON BL I  
RANCHO RD
SB 89 50 225 60
TROPICANA AVE / 
PARADISE RD
SB 106 65 200+ ONEWAY
FLAMINGO RD / 
PARADISE RD
WB 82 50 300 400
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
2 2 0
INTERSECTION GEOMETRY
DUAL LEFT
INTERSECTION
INT #0F TURN AVG BAY
ANGLE RECEIVE RADIUS BAY TAPER
(a)
LANES
(nol) (r)
LENGTH
(b) (t)
PARADISE RD / 
DESERT INN RD
SB 89 50 200 300
MARYLAND PKY / 
TWAIN AVE
EB 92 30 225 CL
FLAMINGO RD / 
VALLEY VIEW BL
WB 90 40 200 80
SAHARA AVE/ 
EASTERN AVE
EB 89 70 160 164
EASTERN AVE / 
TROPICANA AVE
NB 82 60 230 55
RUSSELL RD/ 
EASTERN AVE
NB 92 60 400 CL
SUNSET RD/ 
EASTERN AVE
EB 89 60 225 CL
TROPICANA AVE/ 
PECOS RD
EB 92 50 260 70
PARADISE RD / 
TWAIN AVE
EB 90 60 425 550
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
2 2 1
INTERSECTION GEOMETRY
TRIPLE LEFT
INTERSECTION
INT #0F TURN
ANGLE RECEIVE RADIUS 
LANES 
(a) (nol) (r)
AVG
BAY
LENGTH
(b)
BAY
TAPER
(t)
SWENSON ST / 
TROPICANA AVE
NB 98 60 N/A N/A
FLAMINGO RD / 
VALLEY VIEW BL
SB
TROPICANA AVE/ 
LAS VEGAS BL
NB
91 60
90 110
205
455
615
795
85
85
N/A
230
R eproduced  with perm ission o f the copyright owner. Further reproduction prohibited without perm ission.
2 2 2
SINGLE LEFT
INTERSECTION
INTERSECTION GEOMETRY
DEPART CONCUR OPPLT 
D/W DIST LEFT CLAER
(dd) (Y/N)
DIST
(d)
APPROX
CYCLE
LENGTH
(C)
MARYLAND PKY / 
TROPICANA AVE
NB
EB
60
40
YES
NO
10+
N/A
160
120
SAHARA AVE / 
JONES BLVD
NB
WB
85
77
YES
NO
20+
N/A
160
160
VALLEY VIEW BL/ 
CHARLESTON BL
NB
EB
238
250>
YES
YES
20+
20+
160
160
RAINBOW BL/ 
CHARLESTON BL
NB 300 YES 20+ 160
WB 35 NO N/A 160
EB 146 NO N/A 160
TROPICANA AVE/ 
PECOS RD
NB
SB
38 YES 20+ 160
95 YES 20+ 160
FLAMINGO RD / 
PARADISE RD
SB
WB
180
35
NO
NO
N/A
N/A
160
160
EASTERN AVE/ 
FLAMINGO RD
NB 66 YES 15+ 160
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
2 2 3
INTERSECTION GEOMETRY
SINGLE LEFT
INTERSECTION
DEPART CONCUR OPPLT APPROX
D/W DIST LEFT CLAER CYCLE
DIST LENGTH
(dd) (Y/N) (d) (C)
TROPICANA AVE / 
KOVAL LN
WB 67 YES 10+ 160
FLAMINGO RD / 
LAS VEGAS BL
EB 160 YES 15+ 160
VALLEY VIEW BL / 
SAHARA AVE
NB 73 YES 25+ 160
SPRING MT RD / 
DECATUR AVE
WB 97 YES 30+ 160
WESTCLIFF WY / 
RAINBOW BL
NB 250> YES 25+ 180
SAHARA AVE / 
MARYLAND PKY
SB 200 NO N/A 160
CHARLESTON BL/ 
NELLIS BL
EB 70 NO N/A 120
SPRING MT RD / 
VALLEY VIEW BL
WB 43 YES 20+ 160
PECOS RD / 
DESERT INN RD
NB 47 YES 25+ 160
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
2 2 4
INTERSECTION GEOMETRY
DUAL LEFT
INTERSECTION
DEPART CONCUR OPP LT 
D/W DIST LEFT CLAER
DIST
(dd) (Y/N) (d)
APPROX
CYCLE
LENGTH
(C)
MARYLAND PKY / 
FLAMINGO RD
NB 550 NO N/A 160
SB 120 NO N/A 160
EB 90 NO N/A 160
WB 50 NO N/A 160
DECATUR BL/ 
SAHARA AVE
NB 38 NO N/A 160
SB 214 NO N/A 160
EB 192 NO N/A 160
WB 270 NO N/A 160
SAHARA AVE/ 
RAINBOW BL
SB
WB
51
201
YES
NO
20+
N/A
160
140/160
DECATUR BL / 
MEADOWS LN
SB
WB
97
230
NO
NO
N/A
N/A
160
160
MARYLAND PKY/ 
DESERT INN RD
SB
WB
243
112
NO
YES
N/A
20+
160
160
SAHARA AVE/ 
VALLEY VIEW BL
EB
WB
50
33
NO
NO
N/A
N/A
160
160
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
2 2 5
INTERSECTION GEOMETRY
DUAL LEFT
INTERSECTION
DEPART CONCUR OPPLT APPROX 
D/W DIST LEFT CLAER CYCLE
(dd) (Y/N)
DIST
(d)
LENGTH
(C)
FLAMINGO RD / 
PECOS RD
SB
WB
100
90
YES
NO
20+
N/A
160
160
LAS VEGAS BL / 
TROPICANA AVE
NB 590 YES 25+ 140
EB 185 NO N/A 160
WB 525 NO N/A 160
PECOS RD / 
TROPICANA AVE
WB 35 YES 20+ 160
DECATUR BL/ 
CHARLESTON BL
NB 104 NO N/A 160
SAHARA AVE / 
MARYLAND PKY
NB 58 NO N/A 160
CHARLESTON BL/ 
RANCHO RD
SB 22 YES 15+ 160
TROPICANA AVE/ 
PARADISE RD
SB
FLAMINGO RD / 
PARADISE RD
205 NO N/A
ONE-WAY
140/160
WB 35 NO 15+ 120
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
2 2 6
INTERSECTION GEOMETRY
DUAL LEFT
INTERSECTION
DEPART CONCUR OPPLT APPROX
D/W DIST LEFT CLAER CYCLE
DIST LENGTH
(dd) (Y/N) (d) (C)
PARADISE RD / 
DESERT INN RD
SB 150 NO N/A 160
MARYLAND PKY / 
TWAIN AVE
EB 230 YES 10+ 160
FLAMINGO RD / 
VALLEY VIEW BL
WB 250> NO N/A 160
SAHARA AVE / 
EASTERN AVE
EB 60 NO N/A 160
EASTERN AVE / 
TROPICANA AVE
NB 194 NO N/A 140/160
RUSSELL RD/ 
EASTERN AVE
NB 45 YES 15+ 160
SUNSET RD / 
EASTERN AVE
EB 315 YES 15+ 180
TROPICANA AVE/ 
PECOS RD
EB 92 YES 15+ 180
PARADISE RD I  
TWAIN AVE
EB 36 YES 10+ 160
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
2 2 7
INTERSECTION GEOMETRY
TRIPLE LEFT
INTERSECTION
DEPART CONCUR OPPLT APPROX
D/W DIST LEFT CLAER CYCLE
DIST LENGTH
(dd) (Y/N) (d) (C)
SWENSON ST / 
TROPICANA AVE
NB 250+ NO N/A 160
FLAMINGO RD / 
VALLEY VIEW BL
SB 300 YES 15+ 180
TROPICANA AVE / 
LAS VEGAS BL
NB 300 YES 10+ 160
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
INTERSECTION GEOMETRY
2 2 8
SINGLE LEFT
INTERSECTION
INT
TYPE
(A/B/C)
LANE WIDTHS 
INSIDE MIDDLE OUTSIDE THRU 
1 2  3 4
MARYLAND PKY/ 
TROPICANA AVE
NB
EB
A
A
12
11.5
12
12
SAHARA AVE/ 
JONES BLVD
NB
WB
A
A
11
12
12
11.5
VALLEY VIEW BL/ 
CHARLESTON BL
NB
EB
A
A
10
10
10
10.5
RAINBOW BL/ 
CHARLESTON BL
NB
WB
EB
A
A
A
12
9.5
10.5
13
13
11.5
TROPICANA AVE/ 
PECOS RD
NB
SB
A
A
11
11.5
11.5
11
FLAMINGO RD / 
PARADISE RD
SB
WB
A
A
10
10
12
12
EASTERN AVE / 
FLAMINGO RD
NB 11 12
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
INTERSECTION GEOMETRY
2 2 9
SINGLE LEFT
INTERSECTION
INT LANE WIDTHS
TYPE INSIDE MIDDLE OUTSIDE THRU 
(A/B/C) 1 2  3 4
TROPICANA AVE / 
KOVAL LN
WB 11 13
FLAMINGO RD / 
LAS VEGAS BL
EB 11 11
VALLEY VIEW BL / 
SAHARA AVE
NB 11 12.5
SPRING MT RD / 
DECATUR AVE
WB 11.5 10.5
WESTCLIFF WY/ 
RAINBOW BL
NB 14 13
SAHARA AVE/ 
MARYLAND PKY
SB 10 11
CHARLESTON BL/ 
NELLIS BL
EB 10 12
SPRING MT RD / 
VALLEY VIEW BL
WB 12.5 12
PECOS RD / 
DESERT INN RD
NB 11 12.5
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
INTERSECTION GEOMETRY
2 3 0
DUAL LEFT
INTERSECTION
INT LANE WIDTHS
TYPE INSIDE MIDDLE OUTSIDE THRU 
(A/B/C) 1 2  3 4
MARYLAND PKY / 
FLAMINGO RD
NB
SB
EB
WB
A
A
A
A
10.5
10.5 
11
10.5
11
10
11.5
11.5
11
11.5
12
12
DECATUR BL / 
SAHARA AVE
NB
SB
EB
WB
A
A
A
A
12.5
10.5 
11 
12
12
11
11
11
14
11.5 
13
12.5
SAHARA AVE / 
RAINBOW BL
SB
WB
A
A
10
10
10
10
11.5
12
DECATUR BL/ 
MEADOWS LN
SB
WB
A
C
13
11
11
12
11
16
MARYLAND PKY / 
DESERT INN RD
SB
WB
A
A
10
10.5
11
11
11.5
11
SAHARA AVE/ 
VALLEY VIEW BL
EB
WB
A
A
13.5
13
12
12
12.5
13
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
INTERSECTION GEOMETRY
2 3 1
DUAL LEFT
INTERSECTION
INT
TYPE INSIDE 
(A/B/C) 1
LANE WIDTHS 
MIDDLE OUTSIDE THRU 
2 3 4
FLAMINGO RD / 
PECOS RD
SB
WB
A
A
11.5
11.5
10
11.5
10
11
LAS VEGAS BL / 
TROPICANA AVE
NB
EB
WB
A
A
A
12
12
10.5
12
11
10.5
12
11
11
PECOS RD / 
TROPICANA AVE
WB 10 10.5 11
DECATUR BL/ 
CHARLESTON BL
NB 12.5 11 12
SAHARA AVE / 
MARYLAND PKY
NB 10.5 10.5 11.5
CHARLESTON BL / 
RANCHO RD
SB 11.5 12.5 11
TROPICANA AVE/ 
PARADISE RD
SB 13 13 14
FLAMINGO RD / 
PARADISE RD
WB 10 10 11
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
INTERSECTION GEOMETRY
INT LANE WIDTHS
DUAL LEFT TYPE INSIDE MIDDLE OUTSIDE THRU
INTERSECTION (A/B/C) 1 2 3
PARADISE RD / 
DESERT INN RD
MARYLAND PKY I  
TWAIN AVE
FLAMINGO RD / 
VALLEY VIEW BL
SAHARA AVE / 
EASTERN AVE
EASTERN AVE/ 
TROPICANA AVE
RUSSELL RD/ 
EASTERN AVE
SUNSET RD/ 
EASTERN AVE
TROPICANA AVE/ 
PECOS RD
PARADISE RD / 
TWAIN AVE
4
SB B 12 11 12
EB A 10 10.5 11
WB A 12 11 11
EB A 12 11.5 13.5
NB A 10 10.5 11.5
NB A 10 10 10.5
EB A 10 10 10.5
EB A 9.5 ~ 10 11.5
EB A 12 12 12
2 3 2
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
2 3 3
INTERSECTION GEOMETRY
TRIPLE LEFT
INTERSECTION
INT LANE WIDTHS
TYPE INSIDE MIDDLE OUTSIDE THRU 
(A/B/C) 1 2  3 4
SWENSON ST / 
TROPICANA AVE
NB 11 11 11 11
FLAMINGO RD / 
VALLEY VIEW BL
SB B 11 11 11 11
TROPICANA AVE/ 
LAS VEGAS BL
NB 11 11 11 11.5
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SATURATION HEADWAYS
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233
SBVGLE LEFT-TURN LANES
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
2 3 6
OBSERVATIONS
SINGLE LEFT TURN LANE
INTERSECTION FILE NAME DATE AM/PM COUNTER
MARYLAND PKY / 
TROPICANA AVE
NB
EB
NBMYTROP
EBMYTROP
10/13/93 AM JJ
10/19/93 AM LF
SAHARA AVE / 
JONES BLVD
NB
WB
NBSAJB
WBSAJB
10/15/94 PM TD
10/6/94 PM PW
VALLEY VIEW BL/ 
CHARLESTON BL
NB
EB
NBWCB
EBWCB
12/16/94 PM KA
12/16/94 PM KA
RAINBOW BL I  
CHARLESTON BL
NB NBRACHAR 12/28/94 PM KA
WB WBRBCHAR 12/28,29/94 PM KA
EB EBRACHAR 12/28-1/20/95 PM KA
TROPICANA AVE/ 
PECOS RD
NB
SB
NBTAPECO
SBTAPECO
12/30/94
12/30/94
PM
PM
KA
KA
FLAMINGO RD / 
PARADISE RD
SB
WB
SBFLAPAR
WBFBPAR
10/12/93
10/13/93
PM
PM
DP
DL
EASTERN AVE/ 
FLAMINGO RD
NB NBEAFR 10/8/93 PM GP
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
2 3 7
OBSERVATIONS
SINGLE LEFT TURN LANE
INTERSECTION FILE NAME DATE AM/PM COUNTER
TROPICANA AVE / 
KOVAL LN
WB WBTAKOV 10/12/93 PM WL
FLAMINGO RD / 
LAS VEGAS BL
EB EBFLALV 9/16/94 PM DL
VALLEY VIEW BL/ 
SAHARA AVE
NB NBSAW 10/15/94 NOON TD
SPRING MT RD / 
DECATUR AVE
WB WBSMDEC 10/7/94 PM PW
WESTCLIFFWY/ 
RAINBOW BL
NB NBWCRA 12/27/94 PM KA
SAHARA AVE / 
MARYLAND PKY
SB SBSAMPKY 1/13,16/95 PM KA
CHARLESTON BL/ 
NELLIS BL
EB EBCHRNB2 5/9/95 PM MB
SPRING MTRD/ 
VALLEY VIEW BL
WB WBSMW 5/4/95 PM BC
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
2 3 8
OBSERVATIONS
SINGLE LEFT TURN LANE
INTERSECTION FILE NAME DATE AM/PM COUNTER
PECOS RD / 
DESERT INN RD
NB NBPECODI 5/5/95 PM BC
R eproduced  with perm ission o f the copyright owner. Further reproduction prohibited without perm ission.
2 3 9
SINGLE LEFT TURN LANE
INTERSECTION
MARYLAND PKY/ 
TROPICANA AVE
NB
EB
SAHARA AVE/ 
JONES BLVD
NB
WB
VALLEY VIEW BL / 
CHARLESTON BL
NB
EB
RAINBOW BL/ 
CHARLESTON BL
SAT FLOW HW (SEC) 
RANGE AVG
6.95
6.90
7.17
7.37
7.15
7.36
7.60
7.22
7.80
8.05
7.75
7.91
7.27
7.06
7.49
7.71
7.45
7.64
SATURATION FLOWRATE 
95% CONFIDENCE
RANGE AVG
2072
2087
2008
1954
2014
1957
1895
1994
1846
1789
1858
1820
1980
2040
1924
1867
1933
1886
NB 6.94 7.61 7.28 2075 1892 1979
WB 7.34 7.98 7.66 1962 1805 1880
EB 7.19 7.90 7.55 2003 1823 1908
TROPICANA AVE I  
PECOS RD
NB 7.09 7.75 7.42 2031 1858 1940
SB 7.36 8.07 7.72 1957 1784 1866
FLAMINGO RD/
PARADISE RD
SB 6.86 7.41 7.13 2099 1943 2019
WB 8.23 8.92 8.58 1750 1614 1679
EASTERN AVE/
FLAMINGO RD
NB 7.55 8.38 7.96 1907 1718 1808
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
2 4 0
SINGLE LEFT TURN LANE
SAT FLOW HW (SEC) SATURATION FLOWRATE
95% CONFIDENCE 
RANGE AVG RANGE AVG
INTERSECTION
TROPICANA AVE /
KOVAL LN
WB 7.54 8.30 7.92 1910 1735 1819
FLAMINGO RD /
LAS VEGAS BL
EB 7.59 8.65 8.12 1897 1665 1774
VALLEY VIEW BL/
SAHARA AVE
NB 6.96 7.67 7.31 2069 1877 1969
SPRING MTRD/
DECATUR AVE
WB 7.24 8.05 7.65 1989 1789 1883
WESTCLIFFWY/
RAINBOW BL
NB 6.68 7.2 6.94 2156 2000 2075
SAHARA AVE /
MARYLAND PKY
SB 7.53 8.03 7.78 1912 1793 1851
CHARLESTON BL/
NELLIS BL
EB 7.58 8.02 7.80 1900 1796 1846
SPRING MT RD /
VALLEY VIEW BL
WB 7.66 8.69 8.18 1880 1657 1761
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
2 4 1
SINGLE LEFT TURN LANE
INTERSECTION
PECOS RD / 
DESERT INN RD
NB
SAT FLOW HW (SEC) 
RANGE AVG
6.79 8.05 7.42
SATURATION FLOWRATE 
95% CONFIDENCE
RANGE AVG
2121 1789 1941
GRAND MEAN =
NUMBER OF APPROACHES
SUPPORTING NULL HYPOTHESIS (1805 VPHGPL)
NUMBER OF APPROACHES 
REJECTING NULL HYPOTHESIS
OVER
UNDER
1897
12 OF 23
11 OF 23 
OOF 23
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
INTERSECTION
2 4 2
SINGLE LEFT TURN THRU LANE
SAT FLOW HW (SEC) 
RANGE AVG
SATURATION FLOWRATE 
95% CONFIDENCE
RANGE AVG
MARYLAND PKY / 
TROPICANA AVE
NB
EB
7.09
8.16
6.85
7.71
7.33
8.60
2102
1868
1965
1674
2037
1765
SAHARA AVE / 
JONES BLVD
NB
WB
7.74
7.42
7.25
7.02
8.22
7.81
1986
2051
1752
1844
1861
1941
VALLEY VIEW BL/ 
CHARLESTON BL
NB
EB
RAINBOW BL/ 
CHARLESTON BL
7.76
7.37
7.43
7.06
8.10
7.69
1938
2040
1778
1873
1855
1953
NB 7.16 6.83 7.48 2108 1925 2011
WB 7.23 6.87 7.58 2096 1900 1992
EB 7.41 7.02 7.81 2051 1844 1942
TROPICANA AVE/ 
PECOS RD
NB
SB
FLAMINGO RD / 
PARADISE RD
SB
WB
8.11
7.52
7.78
8.59
7.70
7.12
7.43
8.30
8.52
7.93
8.12
8.87
1870
2022
1938
1735
1690
1816
1773
1623
1775
1914
1851
1677
EASTERN AVE/ 
FLAMINGO RD
NB 7.59 7.23 7.94 1992 1814 1898
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
2 4 3
SINGLE LEFT TURN THRU LANE
SAT FLOW HW (SEC) SATURATION FLOWRATE
95% CONFIDENCE 
RANGE AVG RANGE AVG
INTERSECTION
TROPICANA AVE /
KOVAL LN
WB 8.14 7.67 8.61 1877 1672 1769
FLAMINGO RD /
LAS VEGAS BL
EB 7.98 7.56 8.40 1905 1714 1804
VALLEY VIEW BL /
SAHARA AVE
NB 7.72 7.24 8.19 1989 1758 1866
SPRING MT RD /
DECATUR AVE
WB 7.96 7.49 8.43 1923 1708 1809
WESTCLIFF WY /
RAINBOW BL
NB 7.02 6.66 7.38 2162 1951 2052
SAHARA AVE/
MARYLAND PKY
SB 7.80 7.49 8.12 1923 1773 1845
CHARLESTON BL/
NELLIS BL
EB 7.43 7.03 7.84 2048 1837 1937
SPRING MT RD /
VALLEY VIEW BL
WB 8.27 7.93 8.61 1816 1672 1741
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
INTERSECTION
PECOS RD / 
DESERT INN RD
2 4 4
SINGLE LEFT TURN THRU LANE
SAT FLOW HW (SEC) SATURATION FLOWRATE
95% CONFIDENCE 
RANGE AVG RANGE AVG
NB 7.60 7.10 8.09 2028 1780 1895
GRAND MEAN = 1878
NUMBER OF APPROACHES
SUPPORTING NULL HYPOTHESIS (1900 VPLGPL) 14 OF 23
NUMBER OF APPROACHES 
REJECTING NULL HYPOTHESIS
OVER
UNDER
3 OF 23 
6 OF 23
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
2 4 5
INTERSECTION
LEFT TURN FACTOR (F It )
LT TURN SAT FLOW THRU LN SAT FLOW LEFT TURN FACTOR
VPHGPL VPHGPL Fit
MARYLAND PKY I  
TROPICANA AVE
NB
EB
1980
2040
2037
1765
0.97
1.16
SAHARA AVE / 
JONES BLVD
NB
WB
1924
1867
1861
1941
1.03
0.96
VALLEY VIEW BL/ 
CHARLESTON BL
NB
EB
1933
1886
1855
1953
1.04
0.97
RAINBOW BL/ 
CHARLESTON BL
NB
WB
EB
1979
1880
1908
2011
1992
1942
0.98
0.94
0.98
TROPICANA AVE/ 
PECOS RD
NB
SB
1940
1866
1775
1914
1.09
0.97
FLAMINGO RD / 
PARADISE RD
SB
WB
2019
1679
1851
1677
1.09
1.00
EASTERN AVE/ 
FLAMINGO RD
NB 1808 1898 0.95
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
2 4 6
LEFT TURN FACTOR (F It )
LT TURN SAT FLOW THRU LN SAT FLOW LEFT TURN FACTOR 
INTERSECTION VPHGPL VPHGPL F It
TROPICANA AVE /
KOVAL LN
WB 1819 1769 1.03
FLAMINGO RD /
LAS VEGAS BL
EB 1774 1804 0.98
VALLEY VIEW BL/
SAHARA AVE
NB 1969 1866 1.06
SPRING MT RD /
DECATUR AVE
WB 1883 1809 1.04
WESTCLIFFWY/
RAINBOW BL
NB 2075 2052 1.01
SAHARA AVE/
MARYLAND PKY
SB 1851 1845 1.00
CHARLESTON BL/
NELLIS BL
EB 1846 1937 0.95
SPRING MTRD/
VALLEY VIEW BL
WB 1761 1741 1.01
R eproduced  with perm ission o f the copyright owner. Further reproduction prohibited without perm ission.
2 4 7
LEFT TURN FACTOR (F It )
INTERSECTION 
PECOS RD / 
DESERT INN RD
NB
LT TURN SAT FLOW THRU LN SAT FLOW LEFT TURN FACTOR 
VPHGPL VPHGPL F It
1941 1895 1.02
SAMPLE SIZE = 23
GRAND MEAN = 1897
STANDARD DEV = 93.92517 
95%CONFIDENCE= 38.38535
23
1878
98.36003
40.19779
23
1.01
0.052174
0.021323
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
2 4 8
DUAL LEFT-TURN LANES
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
2 4 9
OBSERVATIONS
DUAL LEFT TURN LANE
INTERSECTION FILE NAME DATE AM/PM COUNTER
MARYLAND PKY/ 
FLAMINGO RD
NB NBMPKYFB 9/26/94 PM SJ
SB SBMPKYFB 9/29/94 PM EL
EB EBMPKYFB 9/20/94 PM JT
WB WBMPKYFB 9/20,22/94 PM DP
DECATUR BL/ 
SAHARA AVE
NB
SB
EB
WB
NBDECSA
SBDECSA
EBDECSA
WBDECSA
9/22,23/95
10/11/94
9/23,28/94
9/23,28/94
PM
PM
PM
PM
IL
DL
TF
TV
SAHARA AVE/ 
RAINBOW BL
SB
WB
SBSARA
WBSAHRB
12/27/94
12/27/94
PM
AM-PM
KA
KA
DECATUR BL / 
MEADOWS LN
SB
WB
SBDECML
WBDECML
12/18/94
12/18/94
PM
PM
KA
KA
MARYLAND PKY/ 
DESERT INN RD
SB
WB
SBMPKYDI
WBMPKYDI
12/30/94
12/30/94
PM
PM
KA
KA
SAHARA AVE/ 
VALLEY VIEW BL
EB
WB
EBSAVV
WBSAW
4/28/95
4/28/95
PM
PM
RR
JS
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
2 5 0
OBSERVATIONS
DUAL LEFT TURN LANE
INTERSECTION FILE NAME DATE AM/PM COUNTER
FLAMINGO RD / 
PECOS RD
SB
WB
SBFLAPR
WBFLPR
5/2,3/95 PM AP
4/18,20,95 PM ED
LAS VEGAS BL / 
TROPICANA AVE
NB
EB
WB
NBLVTROP
EBLVTA
WBLVTA
10/14/93 NOON JC/TE
10/14/94 PM KA
10/14/94 PM KA
PECOS RD / 
TROPICANA AVE
WB WBPRTROP 12/30/94 PM KA
DECATUR BL/ 
CHARLESTON BL
NB NBDECCB 10/4/94 PM DL
SAHARA AVE/ 
MARYLAND PKY
NB NBSAMPKY 1/13,16/95 PM KA
CHARLESTON BL / 
RANCHO RD
SB SBCHRRR 1/27/95 PM KA
TROPICANA AVE/ 
PARADISE RD
SB SBTROPPR 10/14/94 AM-PM MA
FLAMINGO RD/ 
PARADISE RD
WB WBFLAPR 10/17/94 AM MA
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
OBSERVATIONS
DUAL LEFT TURN LANE
2 5 1
INTERSECTION FILE NAME DATE AM/PM COUNTER
PARADISE RD / 
DESERT INN RD
SB SBPARDI '10/17/94 PM JD
MARYLAND PKY / 
TWAIN AVE
EB EBMPKYTA 9/28/94 PM JR
FLAMINGO RD / 
VALLEY VIEW BL
WB WBFLAW 9/22,28/94 PM CG
SAHARA AVE/ 
EASTERN AVE
EB EBSAEA 9/21,28/94 PM JV
EASTERN AVE / 
TROPICANA AVE
NB NBEATROP 2/27/94 AM-PM ML
RUSSELL RD/ 
EASTERN AVE
NB NBRREA 9/23/94 PM KM
SUNSET RD/ 
EASTERN AVE
EB EBSSEA 5/9,10/95 PM KJ
TROPICANA AVE/ 
PECOS RD
EB EBTAPECO 5/5/95 PM JM
PARADISE RD / 
TWAIN AVE
EB EBPRTA 4/27,28/95 PM RF
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
INTERSECTION
MARYLAND PKY/ 
FLAMINGO RD
DECATUR BL/ 
SAHARA AVE
SAHARA AVE/ 
RAINBOW BL
2 5 2
INSIDE DUAL LEFT TURN LANE
SAT FLOW HW (SEC) SATURATION FLOWRATE
95% CONFIDENCE
RANGE AVG RANGE AVG
NB 6.37 7.20 6.79 2261 2000 2121
SB 7.65 8.39 8.02 1882 1716 1796
EB 7.70 8.44 8.07 1870 1706 1784
WB 6.81 7.90 7.36 2115 1823 1957
NB 7.96 8.47 8.22 1809 1700 1752
SB 7.16 8.18 7.67 2011 1760 1877
EB 7.90 8.50 8.20 1823 1694 1756
WB 7.44 7.93 7.69 1935 1816 1873
SB
WB
6.99
7.34
7.75
8.00
7.37
7.67
2060
1962
1858
1800
1954
1877
DECATUR BL I  
MEADOWS LN
SB
WB
7.25
7.54
7.87
7.96
7.56
7.75
1986
1910
1830
1809
1905
1858
MARYLAND PKY / 
DESERT INN RD
SB
WB
7.35
7.56
8.09
8.36
7.72
7.96
1959
1905
1780
1722
1865
1809
SAHARA AVE/ 
VALLEY VIEW BL
EB
WB
7.46
7.44
7.92
7.93
7.69
7.69
1930
1935
1818
1816
1873
1873
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
INTERSECTION
FLAMINGO RD / 
PECOS RD
INSIDE DUAL LEFT TURN LANE
SAT FLOW HW (SEC) SATURATION FLOWRATE
95% CONFIDENCE 
RANGE AVG RANGE AVG
SB
WB
7.31 8.23 7.77 1970 1750 1853
6.78 7.65 7.21 2124 1882 1997
LAS VEGAS BL/ 
TROPICANA AVE
NB 7.60 8.39 8.00 1895 1716 1800
EB 8.05 8.71 8.38 1789 1653 1718
WB 7.72 8.46 8.09 1865 1702 1780
PECOS RD / 
TROPICANA AVE
WB 7.37 8.43 7.90 1954 1708 1823
DECATUR BL/ 
CHARLESTON BL
NB 7.22 7.75 7.48 1994 1858 1925
SAHARA AVE/ 
MARYLAND PKY
NB 7.39 8.09 7.74 1949 1780 1860
CHARLESTON BL/ 
RANCHO RD
SB 7.80 8.92 8.36 1846 1614 1722
TROPICANA AVE/ 
PARADISE RD
SB 6.59 6.91 6.75 2185 2084 2133
FLAMINGO RD / 
PARADISE RD
WB 7.13 7.78 7.45 2020 1851 1933
R eproduced  with perm ission o f the copyright owner. Further reproduction prohibited without perm ission.
PARADISE RD / 
DESERT INN RD
MARYLAND PKY / 
TWAIN AVE
FLAMINGO RD / 
VALLEY VIEW BL
SAHARA AVE / 
EASTERN AVE
EASTERN AVE / 
TROPICANA AVE
RUSSELL RD/ 
EASTERN AVE
SUNSET RD / 
EASTERN AVE
INSIDE DUAL LEFT TURN LANE
INTERSECTION
SAT FLOW HW (SEC) SATURATION FLOWRATE
95% CONFIDENCE 
RANGE AVG RANGE AVG
SB 7.23 8.05 7.64 1992 1789 1885
EB 7.63 8.39 8.01 1887 1716 1798
WB 7.76 8.22 7.99 1856 1752 1802
EB 6.96 7.54 7.25 2069 1910 1986
NB 8.49 8.81 8.65 1696 1635 1665
NB 6.50 7.44 6.97 2215 1935 2066
EB 6.75 7.61 7.18 2133 1892 2006
TROPICANA AVE/ 
PECOS RD
EB 8.51 10.11 9.31 1692 1424 1547
PARADISE RD / 
TWAIN AVE
EB 6.84 7.43 7.14 2105 1938 2017
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
2 5 5
INSIDE DUAL LEFT TURN LANE
GRAND MEAN = 1868
NUMBER OF APPROACHES
SUPPORTING NULL HYPOTHESIS (1805 VPHGPL) 18 OF 36
NUMBER OF APPROACHES OVER 16 OF 36
REJECTING HYPOTHESIS UNDER 2 OF 36
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
INTERSECTION
MARYLAND PKY / 
FLAMINGO RD
DECATUR BL/ 
SAHARA AVE
2 5 6
OUTSIDE DUAL LEFT TURN LANE
SAT FLOW HW (SEC) 
RANGE AVG
SATURATION FLOWRATE 
95% CONFIDENCE
RANGE AVG
NB 6.07 6.95 6.51 2372 2072 2212
SB 7.83 8.61 8.22 1839 1672 1752
EB 7.59 8.41 8.00 1897 1712 1800
WB 7.16 7.93 7.55 2011 1816 1907
NB 7.85 8.37 8.11 1834 1720 1776
SB 7.22 8.36 7.79 1994 1722 1849
EB 6.77 7.45 7.11 2127 1933 2025
WB 7.29 7.93 7.61 1975 1816 1892
SAHARA AVE / 
RAINBOW BL
SB
WB
DECATUR BL/ 
MEADOWS LN
SB
WB
MARYLAND PKY/ 
DESERT INN RD
SB
WB
SAHARA AVE/ 
VALLEY VIEW BL
EB
WB
7.28
7.16
7.33
7.79
7.21
7.53
7.45
7.29
8.03
7.77
8.19
8.38
7.82
8.31
8.02
7.93
7.65
7.46
7.76
8.09
7.52
7.92
7.73
7.61
1978
2011
1965
1849
1997
1912
1933
1975
1793
1853
1882
1930
1758
1718
1856
1780
1841
1733
1915
1818
1796
1816
1863
1892
R eproduced  with perm ission o f the copyright owner. Further reproduction prohibited without perm ission.
2 5 7
INTERSECTION
FLAMINGO RD I  
PECOS RD
OUTSIDE DUAL LEFT TURN LANE
SAT FLOW HW (SEC) SATURATION FLOWRATE
95% CONFIDENCE 
RANGE AVG RANGE AVG
SB
WB
7.43 8.38 7.91 1938 1718 1820
7.00 8.01 7.50 2057 1798 1920
LAS VEGAS BL/ 
TROPICANA AVE
NB 7.68 8.22 7.95 1875 1752 1811
EB 7.05 7.67 7.36 2043 1877 1957
WB 7.58 8.29 7.93 1900 1737 1816
PECOS RD / 
TROPICANA AVE
WB 8.03 8.93 8.48 1793 1613 1698
DECATUR BL / 
CHARLESTON BL
NB 7.45 8.09 7.77 1933 1780 1853
SAHARA AVE / 
MARYLAND PKY
NB 7.40 7.92 7.66 1946 1818 1880
CHARLESTON BL/ 
RANCHO RD
SB 7.93 8.50 8.22 1816 1694 1752
TROPICANA AVE/ 
PARADISE RD
SB 6.52 6.83 6.67 2209 2108 2159
FLAMINGO RD / 
PARADISE RD
WB 7.36 8.04 7.70 1957 1791 1870
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
PARADISE RD / 
DESERT INN RD
MARYLAND PKY / 
TWAIN AVE
FLAMINGO RD/ 
VALLEY VIEW BL
SAHARA AVE/ 
EASTERN AVE
EASTERN AVE / 
TROPICANA AVE
RUSSELL RD I  
EASTERN AVE
SUNSET RD / 
EASTERN AVE
2 5 8
OUTSIDE DUAL LEFT TURN LANE
INTERSECTION
SAT FLOW HW (SEC) SATURATION FLOWRATE
95% CONFIDENCE 
RANGE AVG RANGE AVG
SB 7.67 8.78 8.22 1877 1640 1752
EB 7.72 8.68 8.20 1865 1659 1756
WB 7.84 8.36 8.10 1837 1722 1778
EB 6.93 7.48 7.21 2078 1925 1997
NB 8.37 8.73 8.55 1720 1649 1684
NB 6.76 8.08 7.42 2130 1782 1941
EB 7.00 7.73 7.36 2057 1863 1957
TROPICANA AVE / 
PECOS RD
EB 8.06 8.93 8.49 1787 1613 1696
PARADISE RD / 
TWAIN AVE
EB 6.98 7.51 7.25 2063 1917 1986
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
2 5 9
OUTSIDE DUAL LEFT TURN LANE
GRAND MEAN = 1868
NUMBER OF APPROACHES
SUPPORTING NULL HYPOTHESIS (1805 VPHGPL) 22 OF 36
NUMBER OF APPROACHES OVER 12 OF 36
REJECTING HYPOTHESIS UNDER 2 OF 36
R eproduced  with perm ission o f the copyright owner. Further reproduction prohibited without perm ission.
INTERSECTION
MARYLAND PKY / 
FLAMINGO RD
DECATUR BL/ 
SAHARA AVE
SAHARA AVE/ 
RAINBOW BL
2 6 0
DUAL LEFT TURN THRU LANE
SAT FLOW HW (SEC) SATURATION FLOWRATE
95% CONFIDENCE
RANGE AVG RANGE AVG
NB 7.31 8.13 7.72 1970 1771 1865
SB 7.78 9.01 8.40 1851 1598 1714
EB 7.66 8.76 8.21 1880 1644 1754
WB 7.66 8.75 8.20 1880 1646 1756
NB 7.26 8.14 7.70 1983 1769 1870
SB 7.28 7.90 7.59 1978 1823 1897
EB 6.97 7.90 7.43 2066 1823 1938
WB 6.82 7.26 7.04 2111 1983 2045
SB
WB
6.94
7.10
7.42
7.47
7.18
7.29
2075
2028
1941
1928
2006
1975
DECATUR BL / 
MEADOWS LN
SB
WB
7.11
7.81
7.92
8.44
7.52
8.12
2025
1844
1818
1706
1915
1773
MARYLAND PKY/ 
DESERT INN RD
SB
WB
7.75
7.18
8.55
7.78
8.15
7.48
1858
2006
1684
1851
1767
1925
SAHARA AVE/ 
VALLEY VIEW BL
EB
WB
6.72
6.81
7.16
7.26
6.94
7.03
2143
2115
2011
1983
2075
2048
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
2 6 1
INTERSECTION
FLAMINGO RD / 
PECOS RD
DUAL LEFT TURN THRU LANE
SAT FLOW HW (SEC) SATURATION FLOWRATE
95% CONFIDENCE 
RANGE AVG RANGE AVG
SB
WB
7.17 8.22 7.70 2008 1752 1870
6.64 7.70 7.17 2169 1870 2008
LAS VEGAS BL/ 
TROPICANAAVE
NB 7.12 7.63 7.38 2022 1887 1951
EB 7.70 8.29 7.99 1870 1737 1802
WB 7.74 8.64 8.19 1860 1667 1758
PECOS RD / 
TROPICANA AVE
WB 7.53 8.22 7.87 1912 1752 1830
DECATUR BL / 
CHARLESTON BL
NB 7.07 7.42 7.25 2037 1941 1986
SAHARA AVE / 
MARYLAND PKY
NB 7.54 8.20 7.87 1910 1756 1830
CHARLESTON BL/ 
RANCHO RD
SB 7.59 8.30 7.95 1897 1735 1811
TROPICANAAVE/ 
PARADISE RD
SB 6.78 7.07 6.92 2124 2037 2081
FLAMINGO RD / 
PARADISE RD
WB 7.01 8.10 7.56 2054 1778 1905
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
PARADISE RD / 
DESERT INN RD
MARYLAND PKY / 
TWAIN AVE
FLAMINGO RD / 
VALLEY VIEW BL
SAHARA AVE / 
EASTERN AVE
EASTERN AVE/ 
TROPICANA AVE
RUSSELL RD/ 
EASTERN AVE
SUNSET RD / 
EASTERN AVE
2 6 2
DUAL LEFT TURN THRU LANE
INTERSECTION
SAT FLOW HW (SEC) SATURATION FLOWRATE
95% CONFIDENCE 
RANGE AVG RANGE AVG
SB 8.55 10.05 9.30 1684 1433 1548
EB 7.24 8.70 7.97 1989 1655 1807
WB 7.15 7.59 7.37 2014 1897 1954
EB 6.94 7.68 7.31 2075 1875 1970
NB 7.47 7.85 7.66 1928 1834 1880
NB 7.34 8.37 7.86 1962 1720 1832
EB 6.38 7.07 6.72 2257 2037 2143
TROPICANAAVE/ 
PECOS RD
EB 7.38 8.17 7.77 1951 1763 1853
PARADISE RD / 
TWAIN AVE
EB 6.97 7.52 7.24 2066 1915 1989
R eproduced  with perm ission o f the copyright owner. Further reproduction prohibited without perm ission.
2 5 3
DUAL LEFT TURN THRU LANE
GRAND MEAN = 1908
NUMBER OF APPROACHES
SUPPORTING NULL HYPOTHESIS (1900 VPHGPL) 18 OF 36
NUMBER OF APPROACHES OVER 9 OF 36
REJECTING HYPOTHESIS UNDER 9 OF 36
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
INTERSECTION
MARYLAND PKY/ 
FLAMINGO RD
DECATUR BL/ 
SAHARA AVE
SAHARA AVE/ 
RAINBOW BL
2 6 4
DUAL LEFT TURN FACTORS
INSIDE OUTSIDE AVG CONCURRENT LEFT
NB 1.14 1.19 1.16 NO
SB 1.05 1.02 1.03 NO
EB 1.02 1.03 1.02 NO
WB 1.11 1.09 1.10 NO
NB 0.94 0.95 0.94 NO
SB 0.99 0.97 0.98 NO
EB 0.91 1.05 0.98 NO
WB 0.92 0.93 0.92 NO
SB
WB
0.97
0.95
0.94
0.98
0.96
0.96
YES
NO
DECATUR BL/ 
MEADOWS LN
SB
WB
0.99
1.05
0.97
1.00
0.98
1.03
NO
NO
MARYLAND PKY/ 
DESERT INN RD
SB
WB
1.06
0.94
1.08
0.94
1.07
0.94
NO
YES
SAHARA AVE/ 
VALLEY VIEW BL
EB
WB
0.90
0.91
0.90
0.92
0.90
0.92
NO
NO
R eproduced  with perm ission o f the copyright owner. Further reproduction prohibited without perm ission.
2 5 5
INTERSECTION
FLAMINGO RD / 
PECOS RD
SB
WB
LAS VEGAS BL/ 
TROPICANA AVE
DUAL LEFT TURN FACTORS
INSIDE OUTSIDE AVG CONCURRENT LEFT
0.99
0.99
0.97
0.96
0.98
0.98
YES
NO
NB 0.92 0.93 0.93 YES
EB 0.95 1.09 1.02 NO
WB 1.01 1.03 1.02 NO
PECOS RD/ 
TROPICANAAVE
WB
DECATUR BL/ 
CHARLESTON BL
NB
SAHARA AVE/ 
MARYLAND PKY
NB
CHARLESTON BL/ 
RANCHO RD
SB
TROPICANAAVE/ 
PARADISE RD
SB
FLAMINGO RD / 
PARADISE RD
WB
1.00
0.97
1.02
0.95
1.03
1.01
0.93
0.93
1.03
0.97
1.04
0.98
0.96
0.95
1.02
0.96
1.03
1.00
YES
NO
NO
YES
NO
NO
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
2 5 5
DUAL LEFT TURN FACTORS
INSIDE OUTSIDE AVG CONCURRENT LEFT
INTERSECTION
PARADISE RD / 
DESERT INN RD
SB 1.22 1.13 1.17 NO
MARYLAND PKY / 
TWAIN AVE
EB 1.00 0.97 0.98 YES
FLAMINGO RD / 
VALLEY VIEW BL
WB 0.92 0.91 0.92 NO
SAHARA AVE / 
EASTERN AVE
EB 1.01 1.01 1.01 NO
EASTERN AVE / 
TROPICANAAVE
NB 0.89 0.90 0.89 NO
RUSSELL RD / 
EASTERN AVE
NB 1.13 1.06 1.09 YES
SUNSET RD / 
EASTERN AVE
EB 0.94 0.91 0.92 YES
TROPICANA AVE / 
PECOS RD
EB 0.83 0.92 0.87 YES
PARADISE RD / 
TWAIN AVE
EB 1.01 1.00 1.01 YES
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
2 6 7
DUAL LEFT TURN FACTORS
INSIDE OUTSIDE AVG
SAMPLE SIZE = 36 36 36
GRAND MEAN = 0.99 0.99 0.99
STANDARD DEV = 0.076901 0.068932 0.069178
95%CONFIDENCE= 0.025121 0.022517 0.022598
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
2 6 8
TRIPLE LEFT-TURN LANES
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
2 6 9
INTERSECTION
OBSERVATIONS
TRIPLE LEFT TURN LANE
FILE NAME DATE AM/PM COUNTER
SWENSON ST/ 
TROPICANA AVE
NB NBSWTROP 10/15/93 AM KM/SJ
FLAMINGO RD / 
VALLEY VIEW BL
SB SBWFL 9/11,12/95 PM KA
TROPICANAAVE/ 
LAS VEGAS BL
NB NBTALV 10/14/94 PM KA
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
SW EN SO N  S T /
TROPICANA AVE
2 7 0
INSIDE TRIPLE LEFT TURN LANE
SAT FLOW HW (SEC) SATURATION FLOWRATE
95% CONFIDENCE 
RANGE AVG RANGE AVG
NB 7.88 8.49 8.18 1827 1696 1760
FLAMINGO RD / 
VALLEY VIEW BL
SB 7.58 8.16 7.87 1900 1765 1830
TROPICANAAVE/ 
LAS VEGAS BL
NB 7.30 7.98 7.64 1973 1805 1885
GRAND MEAN = 1825
NUMBER OF APPROACHES
SUPPORTING NULL HYPOTHESIS (1805 VPHGPL)
NUMBER OF APPROACHES OVER 
REJECTING HYPOTHESIS UNDER
3 OF 3
OOF 3 
OOF 3
R eproduced  with perm ission o f the copyright owner. Further reproduction prohibited without perm ission.
SW ENSO N ST /
TROPICANA AVE
2 7 1
MIDDLE TRIPLE LEFT TURN LANE
SAT FLOW HW (SEC) SATURATION FLOWRATE
95% CONFIDENCE 
RANGE AVG RANGE AVG
NB 7.65 8.65 8.15 1882 1665 1767
FLAMINGO RD I  
VALLEY VIEW BL
SB 7.84 8.41 8.13 1837 1712 1771
TROPICANA AVE / 
LAS VEGAS BL
NB 7.29 8.01 7.65 1975 1798 1882
GRAND MEAN = 1807
NUMBER OF APPROACHES
SUPPORTING NULL HYPOTHESIS (1805 VPHGPL) 3 OF 3
NUMBER OF APPROACHES OVER 
REJECTING HYPOTHESIS UNDER
OOF 3 
OOF 3
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
SW ENSO N S T  /
TROPICANA AVE
2 7 2
OUTSIDE TRIPLE LEFT TURN LANE
SAT FLOW HW (SEC) SATURATION FLOWRATE
95% CONFIDENCE 
RANGE AVG RANGE AVG
NB 8.35 9.25 8.80 1725 1557 1636
FLAMINGO RD / 
VALLEY VIEW BL
SB 7.57 8.39 7.98 1902 1716 1805
TROPICANA AVE / 
LAS VEGAS BL
NB 7.44 8.11 7.77 1935 1776 1853
GRAND MEAN = 1765
NUMBER OF APPROACHES
SUPPORTING NULL HYPOTHESIS (1805 VPHGPL) 2 OF 3
NUMBER OF APPROACHES OVER 
REJECTING HYPOTHESIS UNDER
OOF 3 
1 OF 3
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
SW EN SO N  ST  /
TROPICANA AVE
2 7 3
TRIPLE LEFT TURN THRU LANE
SAT FLOW HW (SEC) SATURATION FLOWRATE
95% CONFIDENCE 
RANGE AVG RANGE AVG
NB 8.35 9.25 8.32 1725 1557 1731
FLAMINGO RD / 
VALLEY VIEW BL
SB 7.29 8.01 7.65 1975 1798 1882
TROPICANAAVE/ 
LAS VEGAS BL
NB 8.14 8.84 8.49 1769 1629 1696
GRAND MEAN = 1770
NUMBER OF APPROACHES
SUPPORTING NULL HYPOTHESIS (1900 VPHGPL) 1 OF 3
NUMBER OF APPROACHES OVER 
REJECTING HYPOTHESIS UNDER
OOF 3 
2 OF 3
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
2 7 4
TRIPLE LEFT TURN FACTORS (F It)
INSIDE MIDDLE OUTSIDE AVG CONCURRENT
LEFT
SW ENSO N ST /
TROPICANA AVE
NB 1.02
FLAMINGO RD /
VALLEY VIEW BL
SB 0.97
TROPICANA AVE /
LAS VEGAS BL
NB 1.11
1.02 0.95 0.99
0.94 0.96 0.96
1.11 1.09 1.10
NO
YES
YES
INSIDE MIDDLE OUTSIDE AVG 
3 3 3 3
1.03 1.02 1.00 1.02
STANDARD DEV = 0.071032 0.084463 0.081451 0.076621
95%CONFIDENCE= 0.080379 0.095577 0.092168 0.086703
SAMPLE SIZE = 
GRAND MEAN =
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
2 7 5
SUMMARY OF SATURATION HEADWAYS
BY INTERSECTION
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
SUMMATION OF SATURATION HEADWAYS
2 7 6
SINGLE LEFT
MARYLAND PKY / TROPICANA AVE 
NORTHBOUND DATE: 10/13/93
MARYLAND PKY I  TROPICANA AVE 
EASTBOUND DATE: 10/19/93
LEFT LANES THRU
SIDE MIDDLE OUTSIDE LANE
7.25 6.53
8.57 7.47
8.54 6.95
8.94 7.92
6.65 6.73
6.80 7.49
7.02 7.15
5.86 6.84
7.44 6.90
7.97 6.59
7.12 7.75
6.85 7.03
7.37 8.60
7.13 7.29
7.16 6.79
7.20 7.03
6.69 6.45
6.44 7.05
7.15 6.63
7.31 6.59
6.62 10.78
6.91 8.85
7.42 7.30
7.41 7.41
6.78 7.50
6.85 7.42
7.20 9.97
7.42 8.55
6.75 7.80
7.42 7.46
6.90 8.42
6.85 9.25
6.80 7.30
7.90 7.03
7.35 7.45
7.30 8.30
6.78 9.15
6.80 8.25
6.65 7.45
7.50
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
SUMMATION OF SATURATION HEADWAYS
2 7 7
SINGLE LEFT
SAHARA AVE / JONES BL 
NORTHBOUND DATE: 10/15/94
SAHARA AVE I JONES BL 
WESTBOUND DATE: 10/6/94
LEFT LANES THRU
INSIDE MIDDLE OUTSIDE LANE
8.13 7.14
9.40 7.73
7.67 6.78
7.93 10.06
8.45 7.92
7.38 7.14
6.94 7.31
7.15 8.43
7.39 6.57
8.49 7.51
7.39 8.24
6.84 6.78
6.67 6.17
7.84 7.29
6.93 7.14
6.54 6.90
7.18 9.54
6.84 10.14
7.22 8.43
7.32 7.50
7.50 7.37
7.59 7.69
5.72 7.47
7.66 6.78
6.25 7.78
8.47 7.12
7.69 7.31
7.53 7.50
7.81 6.84
6.69 6.41
8.25 8.00
8.16 7.75
6.97 7.35
8.57 5.25
7.82 10.06
8.59 7.72
7.98 6.63
8.25 8.22
8.28 7.56
8.44 7.53
R eproduced  with perm ission o f the copyright owner. Further reproduction prohibited without perm ission.
SUMMATION OF SATURATION HEADWAYS
2 7 8
SINGLE LEFT
VALLEY VIEW BL / CHARLESTON BL 
NORTHBOUND DATE; 12/16/94
VALLEYVIEW BL / CHARLESTON BL 
EASTBOUND DATE: 12/16/94
LEFT LANES THRU
INSIDE MIDDLE OUTSIDE LANE
8.10 7.77
7.40 8.77
7.45 8.76
8.06 8.40
7.43 6.48
7.35 9.37
7.89 7.40
7.94 7.06
8.22 7.49
7.77 8.53
6.70 6.55
6.30 6.89
8.95 7.16
7.15 7.48
7.12 7.22
6.68 7.16
8.10 8.13
6.55 7.54
6.89 7.30
6.93 7.60
7.13
9.49
8.89
7.77
7.17 7.30
7.12 7.26
7.48 7.12
8.03 7.09
8.12 6.13
8.63 6.57
6.26 6.46
8.09 6.93
9.03 8.66
6.60 7.03
7.84 8.56
8.81 8.28
7.08 7.16
8.02 7.72
8.25 7.87
7.97 7.18
7.04 8.33
7.99 6.67
7.39 8.38
8.13 7.67
6.13 6.21
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
SUMMATION OF SATURATION HEADWAYS
2 7 9
SINGLE LEFT
VALLEYVIEW BL / CHARLESTON BL 
EASTBOUND DATE: 12/16/94
LEFT LANES THRU
INSIDE MIDDLE OUTSIDE LANE
RAINBOW BL / CHARLESTON BL 
NORTHBOUND DATE: 12/28/94
RAINBOW BL / CHARLESTON BL 
WESTBOUND DATE:
12/28-29/94
8.19 7.65
8.03
7.51
7.10
7.04
7.14
7.60 6.33
5.83 6.53
6.38 6.20
7.46 8.49
7.34 7.79
8.79 7.60
7.90 6.82
6.74 6.40
6.37 5.95
8.63 6.22
6.81 7.62
6.91 7.47
6.71 7.05
6.82 6.86
6.93 6.16
8.49 7.38
6.15 8.01
8.28 8.98
8.24 6.95
8.78 8.71
5.94 6.90
6.89 7.16
7.77 8.06
5.58 6.35
6.97 7.61
8.89 8.69
7.10 6.77
6.67 6.16
7.45 5.54
7.85 8.03
6.00 7.62
8.10 5.98
7.11 7.22
8.22 7.43
7.14 8.87
6.49 7.72
6.79 7.30
7.40 6.28
8.45 7.18
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
SUMMATION OF SATURATION HEADWAYS
2 8 0
SINGLE LEFT
RAINBOW BL / CHARLESTON BL 
WESTBOUND DATE:
12/28-29/94
RAINBOW BL / CHARLESTON BL 
EASTBOUND DATE: 12/28/94
1/20/95
LEFT LANES THRU
INSIDE MIDDLE OUTSIDE LANE
7.94 6.96
6.80 6.39
9.27 6.16
8.47 6.64
7.47 7.50
8.62 9.40
7.21 7.89
7.61 6.10
6.55 7.96
8.52 6.55
8.59 7.94
8.13 6.66
6.55 6.74
8.22
8.10
7.32
8.07
7.75
8.27 7.83
6.88 7.66
7.34 7.16
7.74 6.25
6.54 6.95
6.51 7.79
6.84 7.55
7.77 7.38
7.80 6.20
7.47 6.29
8.79 6.88
6.92 9.12
9.39 6.41
6.05 8.53
5.98 5.74
8.88 7.35
7.48 6.11
6.99 9.89
8.78 7.47
8.41 8.69
6.86 7.62
8.15 9.24
7.60 7.41
8.12 8.19
7.09 6.88
7.42
6.19
R eproduced  with perm ission o f the copyright owner. Further reproduction prohibited without perm ission.
SUMMATION OF SATURATION HEADWAYS
2 8 1
SINGLE LEFT
TROPICANA AVE / PECOS RD 
NORTHBOUND DATE: 12/30/94
TROPICANA AVE / PECOS RD 
SOUTHBOUND DATE: 12/30/94
LEFT LANES THRU
INSIDE MIDDLE OUTSIDE LANE
7.55 7.43
6.04 10.47
6.60 7.16
7.76 8.59
6.62 7.71
7.45 7.81
8.02 8.22
6.44 7.52
6.74 7.20
8.67 9.79
6.55 7.18
9.01 9.82
6.82 8.89
7.89 6.17
6.96 8.87
7.59 8.22
6.94 7.64
7.77 7.90
8.10 7.34
8.68 8.42
7.08 8.29
8.38 7.28
7.06 8.68
7.47 7.26
7.96 7.04
7.13 8.58
9.87 5.82
7.45 6.07
7.36 9.96
6.86 8.42
8.69 7.34
7.26 7.82
6.67 7.34
8.91 8.25
7.00 8.78
7.64 8.34
8.70 8.37
7.77 6.35
8.44 6.56
7.58 7.80
7.53 7.99
6.30 6.07
7.98 8.14
7.45 7.04
6.37
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
SUMMATION OF SATURATION HEADWAYS
2 8 2
SINGLE LEFT
TROPICANA AVE / PECOS RD 
SOUTHBOUND DATE: 12/30/94
FLAMINGO RD / PARADISE RD 
SOUTHBOUND 10/12/93
LEFT LANES 
INSIDE MIDDLE OUTSIDE
7.15
7.70
7.59 
7.81
6.84 
8.05 
7.48
7.17
5.67
6.67
6.78
6.75 
6.91
6.14
7.72
7.17
7.73
7.71
7.35
6.29
THRU
LANE
9.48
7.81
6.46
6.97
6.73 
6.88 
7.39 
7.37 
8.71 
8.30
8.98 
7.16
7.01
7.98
7.01
9.20 
6.91 
6.51
7.74
8.02 
7.10 
8.02 
8.27
8.20 
8.82
FLAMINGO RD / PARADISE RD 
WESTBOUND DATE: 10/13/93
7.61
9.12 
8.79
8.95 
9.08 
8.56
9.26 
7.17
9.12 
8.49
7.93 
7.69 
9.41
8.96
7.27
8.12 
9.11
10.20
7.94 
8.77
7.28
8.06
8.50
8.69
9.21 
7.91 
9.42
9.74 
9.03
8.22 
8.41 
7.96 
8.31 
8.09
7.74 
9.18 
8.83 
9.34 
9.13 
8.68
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
SUMMATION OF SATURATION HEADWAYS
2 8 3
SINGLE LEFT
EASTERN AVE / FLAMINGO RD 
NORTHBOUND DATE:
LEFT LANES THRU
INSIDE MIDDLE OUTSIDE LANE
8.78 6.97
10/8/93 7.44 6.47
8.85 7.13
10.03 8.22
6.72 8.06
8.85 9.44
8.16 6.89
7.22 6.75
6.67 7.87
7.28 7.31
8.34 7.53
7.37 6.69
8.22 7.31
6.75 6.85
8.75 7.38
7.41 7.25
7.22 7.62
9.00 9 03
7.38 8.44
8.85 8.53
TROPICANA AVE I KOVAL LN 
WESTBOUND DATE: 10/12/93
7.76
7.90
7.23
7.63
8.14 
8.27 
7.37
8.23 
9.80 
8.03 
7.62 
6.52
6.64
7.90
8.15 
6.87 
8.08 
9.95 
7.57 
8.70
8.47
7.54
8.48 
10.50
7.60
7.22
7.67
7.67 
8.10 
7.57
10.35
9.55 
8.12
7.56 
7.04 
7.36 
7.17 
7.25 
9.82 
7.74
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
SUMMATION OF SATURATION HEADWAYS
2 8 4
SINGLE LEFT
FLAMINGO RD / LAS VEGAS BL 
EASTBOUND DATE: 9/16/94
VALLEY VIEW BL / SAHARA AVE
NORTHBOUND DATE: 10/15/94
LEFT LANES THRU
INSIDE MIDDLE OUTSIDE LANE
8.90 7.97
10.43 8.28
8.37 8.62
6.90 7.03
6.36 9.78
7.62 8.31
9.44 9.43
8.96 7.03
7.47 7.00
6.15 9.00
9.50 6.84
7.58 6.14
6.78 7.26
8.62 8.68
9.25 7.59
8.29 8.15
9.38 7.28
8.52 8.98
6.82 7.75
7.05 8.50
7.10 8.44
6.81 7.61
5.53 8.34
7.13 7.64
6.73 6.91
8.10 9.28
5.56 7.43
7.17 8.74
7.20 6.31
7.05 6.80
8.25 8.94
7.97 5.91
6.83 8.76
7.91 7.71
8.35 8.50
7.10 6.13
8.15 7.24
8.30 7.87
7.82 6.30
7.22 9.50
R eproduced  with perm ission o f the copyright owner. Further reproduction prohibited without perm ission.
SUMMATION OF SATURATION HEADWAYS
2 8 5
SINGLE LEFT
SPRING MT RD / DECATUR AVE 
WESTBOUND DATE:
LEFT LANES THRU
INSIDE MIDDLE OUTSIDE LANE
9.78 8.37
10/7/94 7.19 7.72
7.03 8.03
8.25 7.46
6.97 6.84
8.63 9.12
8.31 7.53
7.41 8.07
9.72 6.28
7.97 6.94
7.00 8.84
7.19 7.72
7.40 5.90
7.90 10.25
7.15 7.75
7.37 9.59
7.50 8.56
6.25 8.62
6.69 8.50
7.22 7.15
WESTCLIFF WY / RAINBOW BL 
NORTHBOUND DATE: 12/27/94
7.52
6.96
5.91
7.13
7.99
6.59
6.70
6.71 
5.80 
5.87 
8.18
6.99
6.15 
6.39 
6.10
7.02 
6.51 
7.95
6.59
6.72 
7.63 
7.10 
8.00
6.15 
7.01
8.03
8.41
8.67 
7.46 
6.82 
5.64 
7.26 
7.21
7.68 
5.91 
6.98
7.24 
6.39
7.54 
5.90
7.25 
6.19
6.54 
7.28 
7.53 
7.76
5.68
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
SUMMATION OF SATURATION HEADWAYS
2 8 6
SINGLE LEFT
WESTCLIFF WY / RAINBOW BL 
NORTHBOUND DATE:
LEFT LANES THRU
INSIDE MIDDLE OUTSIDE LANE
12/27/94
SAHARA AVE / MARYLAND PKY 
SOUTHBOUND DATE: 1/13,16/95
CHARLESTON BL / NELLIS BL 
EASTBOUND DATE: 5/9/95
7.21
7.38
6.79 6.78
8.04 5.83
7.11 7.33
8.02 6.92
6.97 7.49
7.79 7.81
8.13 7.26
8.67 6.40
7.25 8.25
7.86 8.83
7.47 8.47
6.85 6.76
7.90 7.42
7.47 7.09
7.86 8.13
8.54 9.93
8.62 8.41
7.58 8.70
7.91 7.53
7.92 7.21
7.78 7.93
9.25 8.27
7.79 8.06
8.86 8.02
8.53 7.02
6.54 8.12
7.55 8.85
6.39 8.02
8.72 7.85
7.19 9.43
8.96 7.63
7.81 8.47
8.07 7.53
7.90 6.25
7.68 5.92
6.82 8.25
7.72 6.66
7.50 9.25
8.33 8.53
7.28 7.78
8.18 7.03
7.86 8.65
7.92 6.25
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
SUMMATION OF SATURATION HEADWAYS
2 8 7
SINGLE LEFT
CHARLESTON BL / NELLIS BL
EASTBOUND DATE: 5/9/95
SPRING MT RD / VALLEY VIEW BL
WESTBOUND DATE: 5/4/95
PECOS RD I  DESERT INN RD 
NORTHBOUND DATE: 5/5/95
LEFT LANES THRU
INSIDE MIDDLE OUTSIDE LANE
6.77 7.25
7.53 8.12
7.14 5.47
8.82 8.78
8.09 7.38
7.62 6.59
7.93 7.85
8.27 7.58
8.13 6.45
6.97 7.32
7.92
5.15 8.03
7.35 9.10
7.25 7.90
8.09 6.84
8.09 8.38
8.56 8.35
6.87 7.89
9.40 8.07
8.00 7.84
9.88 6.93
7.78 8.07
9.66 10.11
7.66 9.27
7.34 8.25
9.78 8.43
9.50 9.00
8.12 8.06
6.41 9.27
7.62 8.04
8.22 7.56
9.12
10.02
7.94 4.97
4.84 9.50
4.44 8.59
8.87 6.52
8.35 5.88
5.94 6.90
6.22 8.47
6.60 6.81
7.36 7.53
8.90 7.50
6.25 6.94
6.93 7.60
R eproduced  with perm ission o f the copyright owner. Further reproduction prohibited without perm ission.
SUMMATION OF SATURATION HEADWAYS
2 8 8
SINGLE LEFT
PECOS RD / DESERT INN RD 
NORTHBOUND DATE:
LEFT LANES THRU
INSIDE MIDDLE OUTSIDE LANE
10.57 9.75
5/5/95 7.31 8.94
6.44 7.47
7.84 8.47
8.66 8.22
8.32 6.75
7.09 7.78
9.00 7.97
7.93 7.00
SAMPLE SIZE= 516 511
AVERAGE = 7.60 7.67
MAX = 10.57 9.75
MIN = 4.44 4.97
STD DEVIATION = 0.918104 0.993452
VARIANCE = 0.842915 0.986946
95% CONFIDENCE: 0.08 0.09
RANGE: 7.52 7.59
TO 7.68 7.76
AVG HEADWAY : 1.90 1.92
AVG SAT FLOW: 1895 1877
Flt = 1.01
SAT FLOW RANGE 1915 1898
TO 1875 1856
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
2 8 9
SUMMATION OF SATURATION HEADWAYS
DUAL LEFTS
MARYLAND PKY / FLAMINGO RD 
NORTHBOUND DATE: 9/26/94
MARYLAND PKY / FLAMINGO RD 
SOUTHBOUND DATE: 9/29/94
LEFT LANES THRU
jSIDE MIDDLE OUTSIDE LANE
5.40 5.31 7.73
8.31 6.15 6.90
6.34 8.53 9.21
7.34 5.28 8.23
8.41 6.80 7.71
6.03 8.42 6.90
5.21 6.84 7.59
7.09 7.15 7.58
6.65 7.30 7.21
8.85 6.20 8.55
7.48 5.34 8.34
5.55 7.45 9.19
7.30 5.20 8.20
7.22 6.40 6.40
7.75 5.43 9.10
5.40 7.02 8.21
6.22 6.57 7.43
5.30 7.12 7.23
6.40 5.54 9.00
8.10 6.08 5.45
6.43 7.18
7.17 6.48
6.52
6.41
8.00 9.16 9.71
8.46 7.48 7.53
8.48 9.67 8.02
8.26 9.12 9.85
8.55 8.50 7.75
8.49 8.27 8.94
7.98 7.43 11.63
7.90 9.15 7.12
8.70 8.87 8.18
10.16 7.78 7.71
8.07 7.37 9.62
7.27 8.74 6.87
7.99 9.20 6.35
7.70 7.63 6.72
8.05 8.35 7.67
6.42 6.93 7.64
7.65 6.93 9.40
6.59 7.98 10.41
8.88 6.73 9.44
6.86 9.03 7.39
R ep rod uced  with perm ission o f  the oopyright owner. Further reproduotion prohibited without perm ission.
2 9 0
SUMMATION OF SATURATION HEADWAYS
DUAL LEFTS
MARYLAND PKY / FLAMINGO RD
EASTBOUND DATE: 9/20/94
MARYLAND PKY / FLAMINGO RD 
WESTBOUND DATE:
9/20,22,27/94
LEFT LANES THRU
SIDE MIDDLE OUTSIDE LANE
9.03 7.71 6.52
7.52 8.33 6.59
8.62 8.30 9.67
8.87 7.85 9.00
8.37 8.35 8.11
7.52 6.19 8.25
6.77 8.01 9.67
9.01 8.03 7.01
8.43 9.07 9.60
9.26 8.10 6.56
9.07 7.23 6.73
8.26 10.43 9.46
7.74 7.44 9.48
7.07 7.27 9.60
6.81 7.69 9.88
8.06 8.70 7.62
7.26 6.40 6.95
9.10 8.10 7.09
7.47 7.70 8.26
7.12 9.05 8.17
6.69 8.25 8.75
7.69 9.39 9.00
8.05 7.09 8.75
9.96 7.45 7.73
5.65 5.95 6.85
6.04 7.18 7.12
7.89 6.05 7.53
6.47 7.06 6.29
8.89 7.05 11.68
5.80 8.56 9.78
5.67 7.20 5.63
8.03 8.10 7.82
9.15 8.07 7.70
7.63 8.42 8.44
6.78 6.98 9.75
7.36 6.63 7.44
6.30 7.86 7.41
6.78 9.19 10.29
7.28 7.61 7.98
9.05 7.06 7.63
7.39 7.76
8.81
8.49
R eproduced  with perm ission o f the copyright owner. Further reproduction prohibited without perm ission.
2 9 1
SUMMATION OF SATUFtATION HEADWAYS
DUAL LEFTS
DECATUR BL / SAHARA AVE 
NORTHBOUND DATE: 9/22,23/95
DECATUR BL / SAHARA AVE 
SOUTHBOUND DATE: 10/11/94
LEFT LANES THRU
SIDE MIDDLE OUTSIDE LANE
8.37 6.94 8.43
7.75 7.84 9.58
9.00 8.52 7.19
8.53 7.52 6.97
8.47 6.97 9.66
8.08 8.54 8.09
7.32 7.81 8.28
6.97 7.63 8.41
8.53 8.46 7.03
7.81 9.19 8.02
9.34 8.61 6.38
8.25 8.94 7.47
7.87 8.47 6.81
9.05 7.98 9.40
8.28 7.78 7.25
8.47 7.91 6.66
8.19 8.38 9.17
7.67 8.49 6.35
8.54 7.85 6.43
7.81 8.42 6.12
7.78
7.44
8.25
8.00 6.88 7.69
7.52 6.50 7.78
7.83 8.53 6.80
6.63 8.44 5.12
8.48 8.15 6.58
7.81 7.74 7.49
7.91 6.86 8.11
8.50 6.69 7.76
7.26 8.73 6.90
7.69 8.36 6.42
6.03 8.18 6.49
8.19 8.36 7.62
6.93 7.39 6.68
8.14 8.54 6.93
8.23 7.23 8.86
6.40 6.64 6.28
7.70 8.90 8.19
6.61 9.63 7.32
7.29 7.26 6.11
8.02 7.05 6.08
8.29 6.65
7.82
R eproduced  with perm ission o f the copyright owner. Further reproduction prohibited without perm ission.
2 9 2
SUMMATION OF SATURATION HEADWAYS
DUAL LEFTS
SAHARA AVE / DECATUR BL 
SOUTHBOUND DATE: 10/14/94
DECATUR BLVD / SAHARA AVE 
EASTBOUND DATE: 9/23,28/94
LEFT LANES THRU
INSIDE MIDDLE OUTSIDE LANE
6.97 7.53 6.13
9.55 8.50 7.91
7.84 7.48 7.10
7.53 8.37 8.03
8.31 9.18 8.81
6.97 8.15 6.75
6.94 9.41 7.06
12.07 7.28 7.78
8.16 6.50 7.25
6.56 5.10 6.81
11.15 7.09 7.87
7.17 9.19 7.81
7.30 7.47 8.22
6.34 9.97 7.75
6.00 5.69 8.75
7.97 8.09 8.45
7.57 8.00 7.67
7.18 5.66 7.07
7.81 8.72 6.81
5.28 8.41 7.74
9.03
7.12
8.82
8.94
6.43
7.97
7.78
7.54
5.57
7.56
6.34
7.71 6.72 8.94
7.97 5.94 7.47
8.34 6.94 6.37
8.10 6.88 6.28
8.34 6.47 8.00
8.25 8.15 7.19
9.15 8.34 7.69
9.28 6.03 6.44
7.82 7.94 6.21
7.04 7.03 7.07
8.43 6.57 6.82
8.39 7.17 8.30
7.28 7.57 7.83
9.34 7.77 10.03
8.75 7.23 6.42
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
2 9 3
SUMMATION OF SATURATION HEADWAYS
DUAL LEFTS
DECATUR BLVD / SAHARA AVE 
EASTBOUND DATE; 9/23,28/94
DECATUR BL / SAHARA AVE 
WESTBOUND DATE: 9/23,28/94
SAHARA AVE / RAINBOW BL 
SOUTHBOUND DATE: 12/27/94
LEFT LANES THRU
SIDE MIDDLE OUTSIDE LANE
7.46 8.53 8.12
7.69 7.65 7.34
8.50 6.28 6.68
7.15 6.85 6.41
9.03 6.14 9.00
7.71 8.59 6.65
7.97 8.16 6.02
7.45 8.60 6.59
7.98 7.53 7.16
8.45 7.98 6.54
8.42 7.67 6.71
7.65 7.91 7.71
7.56 6.97 7.29
6.78 7.84 7.48
6.37 6.78 7.41
7.94 7.85 6.96
7.32 6.59 7.46
7.81 6.22 7.65
8.14 6.84 6.59
8.59 6.43 6.73
7.35 7.78 6.39
6.98 8.65 7.04
7.78 8.20 6.94
7.51 7.53 7.65
7.98 8.04 7.81
7.90 6.36 7.56
7.15 7.14 6.37
6.68 9.21 7.83
7.62 7.71 7.45
9.37 7.35 6.90
7.08 8.22 8.51
8.47 7.77 6.94
6.89 7.21 7.58
6.54 7.47 7.18
7.97 6.66 6.66
8.02 6.66 6.82
6.88 7.74 7.64
6.25 7.01 7.83
7.26 6.71 6.39
7.22 9.60 7.25
9.47 7.27 7.29
8.04 7.71 7.47
7.34 9.02 6.37
7.63 8.94 6.43
6.74 6.47 7.03
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
2 9 4
SUMMATION OF SATURATION HEADWAYS
DUAL LEFTS
SAHARA AVE I RAINBOW BL 
SOUTHBOUND DATE: 12/27/94
SAHARA AVE I RAINBOW BL 
WESTBOUND DATE: 12/27/94
DECATUR BL I  MEADOWS LN 
SOUTHBOUND DATE: 12/18/94
LEFT LANES THRU
SIDE MIDDLE OUTSIDE LANE
5.84 7.11 7.26
7.27 8.50
5.97 8.17
8.93 7.67 7.54
7.36 7.21 7.40
7.35 7.39 8.17
6.14 7.75 7.46
8.25 8.03 7.56
6.81 9.26 6.96
8.22 6.94 6.55
8.40 6.47 7.04
6.29 8.30 6.55
7.21 6.56 7.19
6.54 7.21 7.23
8.03 7.75 7.80
7.93 8.31 7.41
7.91 6.34 7.86
8.76 6.91 6.99
7.14 7.75 7.62
8.60 7.98 6.81
8.25 7.51 6.83
7.70 7.77 7.55
7.27 6.77 6.91
7.44
8.25
6.84 7.58
6.29 7.59 6.80
8.25 7.52 6.23
7.45 7.60 8.22
6.85 8.88 7.82
7.45 8.23 7.32
7.20 8.82 9.70
8.59 6.02 7.56
7.11 8.68 5.93
8.59 6.83 6.99
7.28 8.95 7.33
8.67 7.63 7.43
8.06 7.61 7.28
6.86 6.73 8.84
7.86 8.24 9.52
6.78 5.54 8.31
7.75 8.67 6.78
7.92 9.74 7.29
8.41 7.16 7.48
6.80 8.05 6.29
8.07 7.24 7.00
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
2 9 5
SUMMATION OF SATURATION HEADWAYS
DUAL LEFTS
DECATUR BL / MEADOWS LN 
SOUTHBOUND DATE: 12/18/94
DECATUR BL / MEADOWS LN 
WESTBOUND DATE: 12/18/94
MARYLAND PKY / DESERT INN RD 
SOUTHBOUND DATE: 12/30/94
1/9,20/95
LEFT LANES THRU
SIDE MIDDLE OUTSIDE LANE
6.59 8.47 8.02
6.52 7.22
7.80 8.71 9.20
8.23 8.15 7.98
8.87 7.95 8.57
6.72 6.65 9.07
8.09 7.61 7.09
8.03 8.00 9.92
7.69 7.61 8.12
8.11 9.08 8.04
8.79 8.67 7.46
7.51 6.14 7.73
7.40 7.55 9.21
8.36 8.48 8.66
7.35 8.50 8.92
7.54 7.53 8.15
8.11 7.27 7.58
8.27 8.90 7.03
7.71 9.04 7.32
7.09 8.51 7.75
7.06 7.86 8.38
7.72 7.67 7.62
7.89 7.86 7.30
7.12 7.85 7.49
7.42 8.39 8.27
7.42 8.66
7.45 8.00
9.67
8.61 7.79 7.47
7.59 6.97 7.27
8.45 6.97 8.01
6.24 6.22 6.75
7.69 6.91 7.37
7.33 7.13 9.45
6.49 6.54 8.11
6.89 7.41 8.23
8.49 7.98 8.47
7.20 8.01 7.61
6.79 7.79 8.12
8.55 7.81 8.52
6.31 7.89 8.46
8.12 8.71 7.77
7.19 6.44 8.82
8.35 7.60 8.27
7.96 7.32 9.09
R ep rod uced  w»h pem rission o „ h a  copyrlgh, owner. Further reproduction prohibited whhout perm ission.
2 9 6
SUMMATION OF SATURATION HEADWAYS
DUAL LEFTS LEFT LANES THRU
INSIDE MIDDLE OUTSIDE LANE
MARYLAND PKY / DESERT INN RD 7.40 7.52 9.96
SOUTHBOUND DATE: 12/30/94 8.15 9.24 7.14
1/9,20/95 8.65 6.53 8.01
9.76 8.60 6.61
7.73 7.61
7.88
6.53
10.29
9.27
MARYLAND PKY / DESERT INN RD 9.08 8.05 6.50
WESTBOUND DATE: 12/30/94 8.54 8.02 7.56
1/9,18/95 6.97 7.85 8.02
6.73 7.91 8.07
7.24 7.19 8.97
7.01 9.13 6.47
7.84 7.02 7.34
9.68 7.62 6.73
7.05 8.74 6.90
9.34 9.98 7.94
6.85 7.67 7.15
7.86 7.34 7.63
7.11 8.85 6.52
7.73 9.18 7.55
8.17 8.63 7.37
9.33 8.19 6.82
8.56 7.25 7.32
8.19 7.19 6.08
8.32 7.53 8.91
7.61 6.40
6.60
7.79
8.38
8.42
7.11
7.11 
7.13 
8.70
SAHARA AVE t  VALLEY VIEW BL 7.41 7.06 6.55
EASTBOUND DATE: 4/28/95 7.93 7.53 6.42
5/1/95 8.58 8.47 6.88
7.79 9.27 7.59
7.97 7.49 7.11
8.45 7.55 6.39
8.39 8.77 7.61
7.62 8.04 6.39
6.73 7.23 8.00
6.54 8.08 7.04
7.84 7.01 6.56
7.11 8.85 6.61
R eproduced  with perm ission o f the copyright owner. Further reproduction prohibited without perm ission.
2 9 7
SUMMATION OF SATURATION HEADWAYS
DUAL LEFTS LEFT LANES THRU
INSIDE MIDDLE OUTSIDE LANE 
SAHARA AVE/VALLEY VIEW BL 7.42 7.05 7.58
EASTBOUND DATE: 4/28/95 7.73 7.25 6.02
5/1/95 7.12 6.30 6.64
8.44 7.81 7.40
7.73 7.02 6.18
8.00 7.70 7.39
7.30 8.28 7.48
6.91 7.50 7.03
7.64 7.70 6.40
7.92 7.82 6.98
8.24 8.06 7.33
SAHARA AVE / VALLEY VIEW BL 7.71 8.59 6.56
WESTBOUND DATE: 4/28/95 7.97 8.16 6.02
5/1/95 7.45 8.60 6.59
7.98 7.53 7.16
8.45 7.98 6.54
8.42 7.67 6.71
7.65 7.91 7.71
7.56 6.97 7.29
6.78 7.84 7.48
6.37 6.78 7.41
7.94 7.85 6.96
7.32 6.59 7.46
7.81 6.22 7.65
8.14 6.84 6.59
8.59 6.43 6.73
7.35 7.78 6.39
6.98 8.65 7.04
7.78 8.20 6.94
7.51 7.53 7.65
7.98 8.04 7.81
FLAMINGO RD/PECOS RD 9.72 6.87 7.66
SOUTHBOUND DATE: 5/2,3/95 8.06 7.58 6.88
6.81 8.92 11.21
6.56 9.29 6.99
7.71 8.64 8.28
8.16 6.01 7.06
6.59 7.61 6.24
7.19 8.28 8.06
6.06 8.13 6.85
7.53 6.76 6.09
7.28 7.00 6.66
8.59 8.55 7.38
9.65 9.00 8.56
7.34 8.56 7.81
Reproduced with permission o „ h e  copyrigh, owner. Further reprodu«ion prehM ed withou, permission.
SUMMATION OF SATURATION HEADWAYS
2 9 8
DUAL LEFTS
FLAMINGO RD I PECOS RD 
SOUTHBOUND DATE: 5/2,3/95
FLAMINGO RD / PECOS RD 
WESTBOUND DATE:
4/18,20,24/95
LAS VEGAS BL I TROPICANA AVE 
NORTHBOUND DATE:
10/14,18/93
LEFT LANES THRU
ISIDE MIDDLE OUTSIDE LANE
7.39 6.12 7.81
6.93 8.63 8.49
9.44 7.00 7.69
8.17 6.96 8.16
7.41 9.87 6.53
8.89 8.32 9.50
6.72 8.28 6.50
6.72 6.86 8.32
6.40 8.56 6.52
6.53 7.16 5.28
7.40 7.25 7.28
10.44 5.19 8.06
8.12 7.20 8.22
6.06 6.12 8.00
6.47 8.90 10.66
8.91 8.24 6.43
7.16 6.09 7.66
7.65 6.72 6.43
7.84 8.62 6.66
7.75 7.32 7.08
6.59 8.59 8.54
7.46 9.81 7.91
6.54 7.03 7.05
6.66 8.22 5.81
7.03 5.81 5.48
6.09 8.62 6.82
6.96 7.00 5.91
7.96 7.73 6.79
7.60 7.97 6.91
10.40 7.28 7.15
7.55 7.40 6.37
7.21 7.55 8.21
7.80 7.61 6.83
8.78 7.99 8.40
7.69 7.20 8.54
6.66 8.20 7.90
7.21 7.81 7.60
7.6 6.7 6.9
7.1 9.3 7.5
8.1 8.3 6.6
9.4 8.1 7.9
7.1 8.2 6.5
9.2 8.0 8.2
8.1 8.7 7.1
8.0 7.9 7.8
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
2 9 9
SUMMATION OF SATURATION HEADWAYS
DUAL LEFTS
LAS VEGAS BL / TROPICANA AVE
NORTHBOUND DATE:
10/14.18/93
LAS VEGAS BLVD / TROPICANA AVE 
EASTBOUND DATE: 10/14/94
LAS VEGAS BLVD / TROPICANA AVE 
WESTBOUND DATE: 10/14/94
LEFT LANES THRU
ISIDE MIDDLE OUTSIDE LANE
7.6 7.9 7.5
9.3 9.1 7.4
7.6 7.1
6.9
7.6
8.06 6.92 7.05
6.13 9.11 8.58
8.12 7.50 6.23
8.44 6.48 9.19
7.77 7.40 7.13
8.97 7.35 7.78
8.16 7.45 7.34
7.77 6.75 8.02
9.18 7.63 6.96
7.20 7.95 7.77
8.86 6.77 9.71
8.72 8.53 8.43
8.19 6.81 7.43
7.86 5.99 8.11
6.55 10.31 8.80
10.04 7.19 7.90
7.73 8.38 8.00
9.47 7.10 8.59
7.15 7.66 8.90
8.54 7.67 6.67
10.75 6.63 7.95
8.46 7.10 9.05
8.92 6.07 8.87
9.59 8.03 8.68
8.32 7.24 7.15
8.79 6.87 8.02
8.79 6.75 7.63
8.20 7.20 8.77
7.96 7.74 8.72
8.02 6.38 7.29
9.04 7.14 7.04
7.86 7.31 8.03
8.17 7.79 8.69
8.51 7.62 7.19
7.49 9.24 6.34
7.53 7.74 8.88
7.92 7.57 9.01
8.25 8.33 7.29
7.30 8.37 6.25
8.34 6.87 7.29
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
300
SUMMATION OF SATURATION HEADWAYS
DUAL LEFTS
LAS VEGAS BLVD / TROPICANA AVE 
WESTBOUND DATE: 10/14/94
PECOS RD / TROPICANA AVE 
WESTBOUND DATE: 12/30/94
DECATUR BL / CHARLESTON BL 
NORTHBOUND DATE: 10/4/94
LEFT LANES THRU
INSIDE MIDDLE OUTSIDE LANE
9.48 8.10 8.99
7.46 9.21 7.97
7.11 6.57 9.20
8.73 7.34 9.19
9.11 8.32 8.48
7.85 9.35
7.09 7.92
7.12 6.56
7.17 7.57
8.94 9.64
8.67 9.36
9.49 9.81
7.48 8.62
9.49
6.71
6.81
8.36 6.75 7.49
6.72 8.44 8.06
11.01 8.84 9.97
6.54 7.43 9.28
7.28 9.55 8.68
8.55 10.34 6.74
8.54 7.81 8.75
7.06 8.69 7.73
6.29 8.44 8.42
8.99 9.00 8.29
7.56 7.20 7.47
7.54 9.56 7.29
7.35 9.14 7.98
10.08 7.67 6.89
7.67 8.72 7.28
6.69 7.35 6.85
9.14 7.12 7.54
6.33 9.56 7.72
8.91 9.66 7.47
7.73 9.51 7.71
7.50 7.29 7.74
6.80 7.48 7.61
8.48 6.17 7.68
7.94 7.35 7.04
7.12 8.99 7.02
7.64 7.26 8.01
8.49 8.02 6.90
8.61 8.27 7.51
8.46 7.67 7.51
6.91 7.99 6.58
R eproduced  with perm ission o f the copyright owner. Further reproduction prohibited without perm ission.
SUMMATION OF SATURATION HEADWAYS
3 0 1
DUAL LEFTS
DECATUR BL / CHARLESTON BL 
NORTHBOUND DATE: 10/4/94
SAHARA AVE / MARYLAND PKY 
NORTHBOUND DATE: 1/13,16/95
TROPICANA AVE / PARADISE RD 
SOUTHBOUND DATE:
10/14,17/94
LEFT LANES THRU
SIDE MIDDLE OUTSIDE LANE
6.94 8.17 7.41
7.50 7.72 7.41
7.22 8.78 7.51
7.12 8.45 7.07
6.54 7.61 7.54
7.33 8.00 6.73
7.15 7.23 7.52
7.40 7.31 6.50
7.41 8.84 7.10
7.34 6.35 6.71
6.77 7.16 7.22
8.01 8.36 7.59
6.58 7.08 7.74
6.92 7.39 9.20
7.31 7.92 7.59
6.78 7.27 8.45
8.15 7.12 8.20
7.54 8.11 9.30
7.75 8.06 7.42
7.52 6.47 6.89
8.72 7.10 7.59
8.40 8.00 6.60
8.46 8.37 8.62
6.48 8.18 8.28
8.04 7.57 8.39
6.78 7.16 7.09
7.38 8.20 7.45
6.88 8.10 6.48
6.89 8.14 8.71
9.11 7.35 7.34
6.87 8.24 7.98
8.65 9.13 7.97
8.13 6.71 8.05
9.31 6.98
7.90
9.25
7.49
6.58 7.04 6.56
6.75 6.25 6.72
6.83 6.43 6.97
6.16 7.27 7.19
6.49 6.18 6.91
6.58 6.87 6.68
6.84 6.51 6.57
7.14 6.71 6.83
6.81 6.29 6.75
Reproduced  with perm ission  of the copyright owner. Further reproduction prohibited without perm ission.
SUMMATION OF SATURATION HEADWAYS
3 0 2
DUAL LEFTS
TROPICANA AVE / PARADISE RD 
SOUTHBOUND DATE:
10/14,17/94
FLAMINGO RD / PARADISE RD 
WESTBOUND DATE: 10/17/94
PARADISE RD / DESERT INN RD 
SOUTHBOUND DATE: 10/17/94
LEFT LANES THRU
INSIDE MIDDLE OUTSIDE LANE
6.99 6.91 6.21
5.79 7.11 7.42
7.21 6.37 7.34
6.61 7.06 7.56
6.69 7.21 6.59
6.24 6.47 7.24
6.91 6.81 6.81
7.14 6.72 6.96
6.83 6.57 6.67
6.77 6.77 7.24
7.41 5.85 6.87
6.96 6.74 7.29
10.21 7.44 6.58
8.25 8.28 8.49
7.48 8.81 9.88
7.38 8.34 8.14
7.31 7.59 6.69
7.89 9.03 7.66
6.69 9.28 5.81
8.24 7.19 6.74
8.01 7.59 5.43
7.94 8.41 7.97
6.71 8.34 10.38
7.12 8.25 8.12
6.86 7.50 7.40
7.01 7.75 8.06
6.89 7.34 7.34
7.14 7.04 8.16
7.24 6.24 5.91
6.73 7.24 8.28
7.34 6.61 7.25
7.21 6.43 6.81
7.15 6.37
7.18 7.94
8.10
9.56 9.13 9.56
8.32 9.53 8.32
9.42 8.10 9.42
8.42 10.50 8.42
8.78 9.02 8.78
6.74 8.60 6.74
6.84 9.25 6.84
9.08 10.50 9.08
6.93 8.62 6.93
7.43 9.35 7.43
R eproduced  with perm ission o f the copyright owner. Further reproduction prohibited without perm ission.
3 0 3
SUMMATION OF SATURATION HEADWAYS
DUAL LEFTS
PARADISE RD I  DESERT INN RD 
SOUTHBOUND DATE: 10/17/94
MARYLAND PKY / TWAIN AVE 
EASTBOUND DATE: 9/28/94
FLAMINGO RD / VALLEY VIEW BL 
WESTBOUND DATE: 9/22,28/94
LEFT LANES THRU
SIDE MIDDLE OUTSIDE LANE
7.27 7.78 7.27
6.68 7.72 6.68
6.83 7.22 6.83
7.63 6.91 7.63
6.87 7.83 6.87
7.24 7.52 7.24
7.01 6.01 7.01
6.91 6.24 6.91
7.31 6.91 7.31
7.56 7.74 7.56
7.48 8.71 6.46
8.49 8.69 7.82
6.47 8.91 9.55
7.31 6.28 6.84
8.28 8.57 7.33
6.84 6.51 7.06
7.76 7.39 8.32
7.79 8.02 7.01
8.06 6.06 6.08
9.61 8.54 5.77
8.20 10.37 7.53
7.97 8.12 9.53
7.78 8.25 8.93
7.10 7.34 7.29
8.97 9.13 6.64
8.61 9.02 8.39
9.50 8.23 9.78
7.26 9.46 13.08
8.71 7.36 8.34
8.99 7.66
6.98 7.21 7.42
7.80 7.44 7.13
8.19 8.23 6.93
9.00 8.68 6.78
7.12 7.86 7.03
8.98 7.18 8.10
8.50 8.55 8.00
7.68 8.48 8.04
8.32 8.23 7.68
7.38 9.11 7.43
7.54 9.22 8.13
7.92 8.48 6.97
8.31 8.13 7.31
8.15 7.88 7.55
8.05 8.33 6.21
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
3 0 4
SUMMATION OF SATURATION HEADWAYS
DUAL LEFTS
FLAMINGO RD /  VALLEY VIEW BL 
EASTBOUND DATE: 9/22,28/94
SAHARA AVE / EASTERN AVE 
EASTBOUND DATE: 9/21,28/94
EASTERN AVE / TROPICANA AVE 
NORTHBOUND DATE: 2/27/94
LEFT LANES THRU
SIDE MIDDLE OUTSIDE LANE
8.43 7.25 7.34
7.65 7.68 8.11
8.01 8.34 7.38
7.87 7.45 6.99
7.92 8.29 7.22
7.03
8.69 7.28 7.68
6.88 7.53 8.06
6.56 8.72 6.00
8.87 6.25 8.44
6.81 6.81 8.35
7.37 7.16 6.84
6.65 7.21 5.53
7.15 6.62 6.60
7.72 7.09 7.35
6.47 6.78 7.02
7.19 7.19 8.77
7.03 8.10 7.58
7.90 7.75 6.12
6.47 6.27 7.81
7.10 7.31 7.62
7.42 7.22 8.1?
6.83 6.88 6.93
7.94 8.50 6.30
6.38 6.44 7.08
7.29 6.56 8.36
7.54 7.15 6.70
7.72 7.51
9.11 8.56 7.74
8.92 9.09 8.27
7.89 7.96 7.98
8.59 8.47 6.67
8.71 8.76 7.34
7.99 7.78 7.89
8.83 9.12 8.12
8.79 8.36 7.39
9.06 8.62 7.56
8.60 9.02 7.93
8.84 8.57 7.81
8.39 7.99 6.96
8.51 8.49 8.19
7.91 8.76 7.48
8.46 8.83 7.74
8.89 8.21 7.61
8.74 9.14 8.16
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3 0 5
SUMMATION OF SATURATION HEADWAYS
DUAL LEFTS
EASTERN AVE / TROPICANA AVE 
NORTHBOUND DATE: 2/27/94
RUSSELL RD / EASTERN AVE 
NORTHBOUND DATE: 9/23/94
SUNSET RD I  EASTERN AVE 
EASTBOUND DATE: 5/9.10/95
LEFT LANES THRU
SIDE MIDDLE OUTSIDE LANE
8.92 8.89 7.48
9.01 8.04 6.97
8.77 8.34 7.88
6.94 4.06 8.13
8.50 7.43 7.62
7.66 6.68 8.15
6.41 10.63 8.87
5.69 5.78 6.16
6.28 6.94 8.84
9.06 7.78 7.78
5.81 9.94 10.19
6.35 8.21 7.09
7.19 6.56 7.79
8.00 8.03 6.35
7.59 8.78 7.25
7.69 5.81 8.53
7.28 7.35 9.16
5.28 7.34 9.63
8.50 5.84 7.37
6.00 7.72 8.72
5.72 7.38 6.15
6.28 8.91 6.16
7.15 7.22 7.18
5.05 6.37 6.03
6.87 7.87 5.91
761 6.03 6.81
8.87 8.81 8.25
6.10 7.82 6.16
6.44 8.25 7.18
6.87 6.84 6.93
9.69 8.90 8.66
7.69 8.91 6.81
6.57 6.62 7.71
8.44 7.34 6.56
5.81 6.72 6.35
7.09 7.06 4.97
6.94 7.97 7.60
7.53 5.88 5.67
6.00 7.78 6.38
7.85 6.93 6.84
6.81 7.38 7.31
6.28 7.25 6.19
7.00 8.16 6.75
7.21 7.97 6.87
6.28 5.81 6.18
1
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SUMMATION OF SATURATION HEADWAYS
3 0 6
DUAL LEFTS
SUNSET RD / EASTERN AVE 
EASTBOUND DATE: 5/9,10/95
TROPICANA AVE / PECOS RD 
EASTBOUND DATE: 5/5/95
PARADISE RD / TWAIN AVE 
EASTBOUND DATE: 4/27,28/95
5/4/95
LEFT LANES THRU
INSIDE MIDDLE OUTSIDE LANE
8.94 6.91 7.45
6.84 7.15 7.47
8.63 5.78
5.75
5.91
5.50
9.03
8.62 7.43 7.53
8.92 8.87 7.83
15.10 9.59 6.78
9.02 10.28 7.39
8.89 8.35 8.78
8.41 6.63 7.56
7.42 9.39 8.84
8.12 8.21 8.32
12.21 8.70 7.70
8.20 9.46 7.22
10.35 8.46 6.81
8.50 7.09 6.05
10.08 8.30 9.00
9.58 7.08 8.67
8.60 9.40 7.70
11.43 8.14 7.30
8.66 7.42 6.31
8.29 8.51 7.85
7.56 9.06 8.97
8.20 9.50 8.86
7.97 7.28 7.44
6.69 7.40 7.47
5.56 6.92 7.82
7.87 6.30 8.01
7.03 7.04 7.15
7.97 7.79 6.47
6.28 6.06 7.72
7.25 7.12 7.13
7.19 7.45 6.72
8.12 7.04 6.82
8.06 8.27 7.65
9.97 6.78 3.15
6.91 5.62 8.25
6.25 7.42 8.19
8.00 9.57 6.31
6.93 7.21 7.71
7.50 8.16 7.19
7.40 7.55 7.47
R eproduced  with perm ission o f the copyright owner. Further reproduction prohibited without perm ission.
SUMMATION OF SATURATION HEADWAYS
3 0 7
DUAL LEFTS
PARADISE RD / TWAIN AVE 
EASTBOUND DATE: 4/27,28/95
5/4/95
INSIDE OUTSIDE THRU
SAMPLE
SIZE 784 782 795
LEFT LANES THRU
INSIDE MIDDLE OUTSIDE LANE
7.72 6.48 10.16
6.34 8.58 6.44
6.89 7.91 6.72
6.65 7.68 6.40
6.48 6.80 6.71
6.47 6.78 6.37
6.48 7.01 6.80
7.20 6.90 6.62
6.38 7.08 7.01
7.31 6.92 6.76
6.73 7.20 7.20
6.53 7.48 6.80
7.13 6.83 6.93
AVG 7.70 7.71 7.56
MAX
MIN
15.10
5.05
10.63
4.06
13.08
4.97
STD DEV 1.015636 0.973599 1.000175
VAR 1.031516 0.947895 1.000349
95% CON 0.07 0.07 0.07
RANGE
TO
7.63
7.78
7.64
7.78
7.50
7.63
AVGHW 1.93 1.93 1.89
AVG SAT 
FLOW
1869 1867 1904
Fit 1.02 1.02
Flt = 1.02
SAT
RANGE
1886
1852
1884
1851
1921
1886
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3 0 8
SUMMATION OF SATURATION HEADWAYS
TRIPLE LEFTS
SWENSON ST / TROPICANA AVE 
NORTHBOUND DATE: 10/15/93
TROPICANA AVE I  LAS VEGAS BLVD 
NORTHBOUND DATE: 10/14/94
LEFT LANES THRU
SIDE MIDDLE OUTSIDE LANE
8.11 10.99 8.15 8.73
8.78 6.80 7.60 7.50
7.59 9.34 7.59 8.84
8.70 6.84 10.69 8.49
8.42 7.96 9.47 7.65
7.62 7.52 9.68 10.4
7.75 8.05 8.75 6.71
9.28 8.72 9.04 7.68
7.30 8.96 7.74 7.28
7.23 7.29 9.37 9.71
8.80 9.90 8.72 8.75
8.72 9.30 8.20 6.80
9.30 7.50 9.45 7.40
8.45 7.95 9.65 8.&0
7.40 8.95 10.7 7.50
7.60 7.60 7.80 7.70
7.72 6.90 7.69 8.85
8.55 6.85 8.65 9.72
9.12 8.20 9.70 10.33
7.25 7.40 7.40 7.65
8.00 6.76 6.95 8.24
7.14 7.80 9.65 7.75
7.26 6.66 8.68 7.77
6.94 6.36 9.47 9.19
8.44 8.68 7.28 9.15
7.94 7.33 8.82 9.83
7.63 8.43 6.94 9.02
8.53 6.36 7.73 8.92
6.99 6.84 7.28 7.94
6.79 8.42 5.81 9.67
7.08 6.87 8.00 8.25
7.58 8.51 7.24 8.64
7.73 6.28 7.94 10.85
7.40 7.38 7.33 8.22
8.45 8.94 8.07 7.55
7.78 7.65 6.62 7.57
7.19 8.21 7.17 8.87
5.64 7.11 8.71 9.23
8.63 7.34 7.38 7.85
7.89 7.66 7.95 8.81
7.52 9.79 6.36 8.61
9.53 7.69 7.19 8.83
8.00 8.04 7.59
8.78 9.19 7.27
7.38 8.42
6.84
9.43
8.39
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3 0 9
SUMMATION OF SATURATION HEADWAYS
TRIPLE LEFTS
TROPICANA AVE / LAS VEGAS BLVD 
NORTHBOUND DATE: 10/14/94
LEFT LANES THRU
INSIDE MIDDLE OUTSIDE LANE
VALLEY VIEW BL I  FLAMINGO RD 
SOUTHBOUND DATE: 9/11,12/95
8.07
8.43
7.30
9.41
6.72
8.58
9.66
6.34
6.68
8.29 7.72 6.75 6.59
9.19 7.03 9.29 8.84
7.26 8.06 7.37 8.36
7.30 7.52 10.31 6.35
8.07 8.02 6.99 7.42
9.29 9.59 7.65 7.25
8.30 9.36 7.37 8.49
8.24 7.58 7.41 7.01
7.95 7.75 7.64 7.76
7.56 8.99 9.06 6.96
8.05 7.46 7.82 8.03
7.85 8.44 9.29 6.84
7.31 8.70 7.08 7.92
8.49 8.13 7.68 9.88
8.27 7.82 8.97 7.69
7.32 8.85 8.51 7.01
7.45 9.05 6.52 7.76
7.59 7.77 7.62 7.64
7.95 7.01 8.34 7.92
6.48 7.68 8.28 7.28
7.04 8.55
7.76
7.45
8.72
7.60
INSIDE MIDDLE OUTSIDE THRU
SAMPLE
SIZE 63 69 72 70
AVG 7.89 7,96 8.12 8.20
MAX 9.53 10.99 10.70 10.85
MIN 5.64 6.28 5.81 6.34
STD DEV 0.754911 0.940055 1.058266 1.024805
VAR 0.569891 0.883703 1.119926 1.050226
95% CON 0.19 0.22 0.24 0.24
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SUMMATION OF SATURATION HEADWAYS
3 1 0
INSIDE MIDDLE OUTSIDE THRU
RANGE 7.70 7.74 7.87 7.96
TO 8.08 8.18 8.36 8.44
AVGHW 1.97 1.99 2.03 2.05
AVG SAT 1825 1809 1774 1756
FLOW 
Fit 
F 11 =
1.04
1.03
1.03 1.01
SAT
RANGE
1869
1783
1861
1760
1829
1722
1808
1706
TOTAL ALL DATA
INSIDE MIDDLE OUTSIDE THRU
SUBTOTAL 
SINGLE &  DUAL 
THRU
SAMPLE
SIZE 1363 67 854 1376 1306
AVG 7.67 7.96 7.75 7.64 7.61
MAX
MIN
15.10
4.44
10.99
6.28
10.70
4.06
13.08
4.97
13.08
4.97
STD DEV 0.970798 0.947511 0.986833 1.008055 0.998523
VAR 0.942448 0.897777 0.97384 1.016174 0.997048
95% CON 0.05 0.23 0.07 0.05 0.05
RANGE
TO
7.62
7.73
7.73
8.18
7.68
7.81
7.58
7.69
7.55
7.66
AVGHW 1.92 1.99 1.94 1.91 1.90
AVG SAT 
FLOW
1877 1810 1859 1886 1893
Fit 1.00 0.96 0.99
Flt = 0.98
SAT
RANGE
1889
1864
1863
1760
1875
1843
1899
1873
1907
1880
R eproduced  with perm ission o f the copyright owner. Further reproduction prohibited without perm ission.
APPENDIX VI 
SUMMARY OF HEAVY VEHICLE 
SATURATION HEADWAYS
311
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
31 ?
TRUCK SATURATION FLOW OBSERVATIONS
DATE: INTERSECTION /
APPROACH
LEFT TRUCK THRU TRUCK 
LANE POSITION LANE POSITION
SINGLE LEFTS
5/4/95 SPRING MT / VALLEY VIEW 
WESTBOUND
7.25
13.12
10.18
9.69
1-5
1-7
1-5
1-6
12/28/94 RAINBOW / CHARLESTON 
WESTBOUND
9.44 T-6
12/28/94 RAINBOW/CHARLESTON 
EASTBOUND
10.67
9.20
1-8
1-5
12/28/94 RAINBOW / CHARLESTON 
NORTHBOUND
12.88 T-8
12/16/94 VALLEY VIEW / CHARLESTON 
NORTHBOUND
10.25 T-6
12/30/94 PECOS / TROPICANA 
SOUTHBOUND
16.52 1-6 8.26 T-7
12/30/94 PECOS / TROPICANA 
NORTHBOUND
8.81 1-8 8.82 T-6
5/9/95 CHARLESTON / NELLIS 
EASTBOUND
9.28
10.43
10.97
1-5
1-7
1-4
DUAL LEFTS
10/14/94 LAS VEGAS BL / TROPICANA 
WESTBOUND
8.99
10.47
13.14
10.86
10.02
0-5
0-6
0-6
0-6
0-6
9.93 T-6
9.72 T-7
9.57 T-8
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3 1 3
TRUCK SATURATION FLOW OBSERVATIONS
DATE: INTERSECTION I
APPROACH
LEFT TRUCK THRU TRUCK 
LANE POSITION LANE POSITION
10/14/94 LAS VEGAS BL / TROPICANA 
EASTBOUND
10.14
9.30
7.88
8.86
9.00
12.45
7.69
0-8
0 - 7
0-8
0-8
0-8
0-6
0-8
10.71
10.03
T-7
T-8
5/9/95 EASTERN / SUNSET 
EASTBOUND
6.68
10.91
9.72
8.66
11.78
6.87
1-8
1-5
1-5
0 - 4
0-6
0-8
9/22/94 DECATUR/SAHARA 
NORTHBOUND
8.97
7.31
8.53
T-7
T-4
T-8
9/23/94 RUSSELL/EASTERN 
NORTHBOUND
7.62
9.47
0 - 5
0-8
10.62 T-7
9/22/94 FLAMINGO/VALLEY VIEW 
WESTBOUND
9.20 0-5 7.84
7.95
7.78
T-4
T-7
T-5
9/22/94 FLAMINGO / MARYLAND 
WESTBOUND 8.86 T-7
10/17/94 FLAMINGO / PARADISE 
WESTBOUND
17.88
18.19
0-6
0 - 4
15.19
10/14/94 TROPICANA / PARADISE 
SOUTHBOUND 14.38
9 .2 5
11.14
1-4
0 - 5
0-6
1/9/95 MARYLAND / DESERT INN RD 
SOUTHBOUND 8.38
9.65
1-8
0-6
9.11
9.19
T-7
T-6
1/9/95 MARYLAND / DESERT INN RD 
WESTBOUND 9.53
10.20
1-7
0 - 7
11.35
8.65
T-7
T-5
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3 1 4
TRUCK SATURATION FLOW OBSERVATIONS
DATE: INTERSECTION / 
APPROACH
LEFT TRUCK 
LANE POSITION
THRU TRUCK 
LANE POSITION
1Z27/95 CHARLESTON / RANCHO 
SOUTHBOUND
10.26
8.39
10.97
12.27
1-5
1-8
0-8
0-6
8.55
9.25
10.79
T-8
T-8
T-6
1Z27/95 CHARLESTON 1 RANCHO 
NORTHBOUND
7.88 T-7
11/16/95 SAHARA / MARYLAND 
NORTHBOUND
9.12 0-7 9.19 T-8
10/11/94 DECATUR/SAHARA 
SOUTHBOUND
10.78 0-8
12/18/94 DECATUR / MEADOWS LN 
SOUTHBOUND
9.78 1-5 9.14
8.49
T-7
T-7
12/30/94 PECOS/TROPICANA 
WESTBOUND
8.27
15.59
1-7
0-6
8.20 T-7
12/27/94 SAHARA / RAINBOW 
SOUTHBOUND
10.91
8.35
1-7
0-6
8.15
12.02
8.93
T-8
T-7
T-7
12/27/94 SAHARA/RAINBOW 
WESTBOUND
8.04 0-8
10/28/94 SAHARA / PARADISE 
WESTBOUND
10.31
10.13
T-6
T-7
4/28/95 FLAMINGO / PECOS 
WESTBOUND
8.38 0-6
TRIPLE LEFTS
10/14/94 LAS VEGAS BL / TROPICANA 
NORTHBOUND
7.83 
8.10 
8.42 
9.91
12.81
8.83
0-6
0-6
0-6
0-5
0-7
0-8
AVERAGE = 10.19 SEC 9.50 SEC
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3 1 5
TRUCK SATURATION FLOW OBSERVATIONS
LEFT THRU
LANE LANE
SAMPLE SIZE = 66 42
MAX = 18.19 15.19
MIN = 6.68 7.31
STD DEVIATION = 2.426991 1.548131
VARIANCE = 5.890286 2.396708
95% CONFIDENCE: 0.59 SEC 0.47 SEC
RANGE 9.61 SEC 9.03 SEC
TO 10.78 SEC 9.97 SEC
AVG HEADWAY TRUCK = 2.55 SEC 2.37 SEC
AVG SAT FLOW TRUCK = 1413 VPHGPL 1516 VPHGPL
F It = 0.93
SAT FLOW RANGE 1499 VPHGPL 1594 VPHGPL
TO 1336 VPHGPL 1445 VPHGPL
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